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LETTER OF TRANSMITTAL 

/ 

Chicago, October 15, 1914. 

To the Honorable, the Committee on Engineering. 
Gentlemen : 

For the past three years this Department has been making a 
careful study of the sewage and sewerage conditions of the region 
known as the Stockyards and Packingtown, which drains into the 
East and West Arms of the South Pork of the South Branch of the 
Chicago River. For the past two years a sewage testing station has 
been operated at the outlet of the Center Ave. sewer into which 
comes much of the sewage from the packing plants. The construc- 
tion cost of this testing station was largely defrayed by a fund con- 
tributed by the various firms in Packingtown, the Union Stockyards 
and Transit Co. furnishing the land at a nominal rental. In con- 
sideration of this contribution a report was promised to the sub- 
scribers, which I now have the honor; to present, 

The report and estimates are, necessarily preliminary. Before 
any actual construction work can be done, a detailed survey of the 
district and its sewers will be required and detailed plans prepared 
for treatment works. The legal phases of the situation require con- 
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sideration and the determination of who shall finance the work is all 
important. The report indicates methods of treatment which have 
been demonstrated, and points out the feasibility of handling the 
wastes from the entire packing and stockyards industry, so that 
eventually no load of that character would be put upon the main 
channel of the Sanitary District, if circumstances require. 

The investigation clearly shows that the sewers now existing 
in the Stockyards and Packingtown are inadequate and need re- 
building. In view of the f acfr that the City of Chicago is proposing 
to construct a new sewer along Center Ave., the time is ripe to adopt 
a definite plan for a sewerage system and for sewage treatment of 
the industrial wastes of this section. 

Our feeling has been that a community plant is desirable be- 
cause of the concentration of the operation in one locality and con- 
sequent ease of securing the best and most economical operation. 
On the other hand, there is force in the argument that each firm 
would prefer to control its own waste. Yet some firms now operate 
recovery plants for grease on community sewers. Our conclusion is 
that fine screening is entirely feasible and advisable at each indi- 
vidual house or group of houses belonging to a firm, in addition to 
and following grease skimming. Screening should be supplemerited 
by a sedimentation plant either at each house or preferably in a 
community plant. 

The report covers many phases of the Stockyards and Packing 
industry and represents the combined work of the Sanitary Divi- 
sion, under the direction of Mr. Langdon Pearse, Division Engineer. 
To Dr. Arthur Lederer, Chemist, for investigation in the chemical 
and bio-chemical fields, and to Mr. L. C. Whittemore, Eesident Engi- 
neer, for field supervision, compilation of the records and prepara- 
tion of the report, due acknowledgment is made, as well as to the 
other assistants in both engineering and laboratory work who have 
carried out the work. 

To the officials of the Union Stockyards and Transit Co., as well 
as of the packing houses, ^11 of which firms are listed in Appendix I, 
thanks are due for hearty co-operation and assistance in carrying 
through the investigation. 

In view of the injunction suit now pending in the Federal courts 
to determine our right to take diluting water from Lake Michigan 
over and above 4167 cu. ft. per sec. and the need of adjusting all 
improvements to the outcome of that case, I feel that the Board of 
Trustees should carefully consider this report and consult with the 
representatives of the interested industries, as well as the oflficials 
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of the City of Chicago, in order to agree upon a workable plan. 

The organic law of The Sanitary District of Chicago is based 
on the theory that a channel will be constructed solely for the recep- 
tion of domestic wastes. The Federal statutes distinctly prohibit the 
dumping or discharge of settling solids into any navigable water or 
tributary thereof. Under these authorities, it would be possible to 
close up absolutely every industrial establishment discharging wastes 
into the Chicago Eiver or Drainage Canal. Undoubtedly, the law 
intends that the larger burden shall be carried by the industries. 
Improvement of existing conditions is imperative. In the present 
stress of finance and industries, time should be given to all con- 
cerned to look the situation squarely in the face and to decide what 
they will do. Certain improvements can now be made at moderate 
expens.e. Greater expenditures for further improvement can be met 
later. For many years Bubbly Creek has been a byword, but I hope 
soon with the co-operation of all concerned that it will become a 
memory. 

EespectfuUy submitted, 

GEORGE M. WISNER, 

Chief Engineer. 
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SUMMARY. 



GENEEAL. Some two years ago, negotiations were begun with 
the firms in the Stockyards and Packingtown by which a testing 
station was put in operation at Center Ave. in September, 1912. 
Engineering studies were made on various alternatives for. sewers 
in handling industrial wastes. It was early recognized that in such 
development some heed should be paid to the possible future re- 
quirements both for sewerage and sewage disposal, as the U. S. gov- 
ernment has been seeking to enjoin the Sanitary District from di- 
verting more than 4167 cubic feet per second from Lake Michigan. 
This suit is not yet decided. 

Last year a movement was started to fill up Bubbly Creek, that 
is the west arm of the south fork of the south branch of the Chicago 
Eiver. This would reclaim a certain amount of space, now useless, 
and would permanently remove from the vicinity of Packingtown 
the present river nuisance. Unless steps were taken, however, to 
reduce the organic load, this removal in itself would only transfer 
the present trouble to other localities. 

WESTERN AVE. CONDUIT. In 1909 a conduit was built from 
the west end of the west arm of Bubbly Creek north to and along 
"West 39th St. to Western Ave. and thence north to the Drainage 
Canal at 31st St. This conduit was expected to cause a circulation 
in the then stagnant west arm, by utilizing a slight difference of 
head. But continued use for over four years has not proven this 
adequate. Material settles in the west arm as markedly as before. 
A recent inspection of the conduit has shown deposits from two to 
four feet deep, due to low velocities, and a much reduced flow, at 



present about 75 cubic feet per second, practically the flow of "West- 
ern Ave. and Eobey St. sewers plus Ashland Ave. In the present 
c6ndition of the conduit, this flow appears largely independent of 
the working of the flushing pumps at 39th St. and Lake Michigan. 
DREDGING. Dredging was carried out last year at a total ex- 
pense of $34,534.05, of which the committee of packers ahd the stock- 
yards paid $26,864.38. This affords, however, only temporary relief, 
since the dredged spots fill in again and all the while the deposits 
on the bottom become septic, blow up, form scum and give the dis- 
agreeable appearance from which the characteristic name, "Bubbly 
Creek, ' ' was derived. 

TESTING STATION. The testing station investigations at Cen- 
ter Ave. have been extended beyond the original program, because 
certain additional experiments were found necessary to study the 
treatment of settled sewage on sprinkling filters and the behavior 
of devices under a longer trial than one year. Other special tests on 
sludge handling, recovery of fats and the like are still under way. 
The formulation of a new method of testing effluents early in 1914, 
by our Chemist, Dr. Lederer, also emphasized the need of learning 
at some length the comparative oxygen requirements of domestic 
sewage, as well as Packingtown wastes and other industrial sewage. 

The original testing station layout (1912) was equipped with a 
coarse screen with f in. clear openings, a 2 in. centrifugal pump, 
a grit chamber, Emscher tank and Dortmund tank. To this has been 
added a fine mesh (30 meshes to the inch) rotary screen of the 
Weand type, a sprinkling filter and a chemical precipitation tank 
with devices for mixing and applying chemicals. A screen testing 
device was also added, as well as sedimentation cans. 

CRUDE SEWAGE. The sewage at both Center Ave. and Ash- 
land Ave. outlets is very strong, containing large amounts of both 
suspended and soluble matter (cf. table 116). At different hours of 
the day, the crude sewage varies greatly in strength according to 
the discharge of wastes from the stockyards and Packingtown. The 
average analyses for the year 1913 for the day and night flow from 
Center Ave. sewer are given in table 9. The character of the night 
flow and Sunday flow was practically identical. Some seasonal vari- 
ation in strength occurred, the sewage being weakest during the 
spring and summer and attaining a maximum strength during the 
late fall and early winter. The great strength of the day sewage 
is clearly shown by comparison with the -purely domestic sewage 
from 39th St. sewage pumping station (cf. table 116). At Center 
Ave. a biologic oxygen consumption of roughly 1000 p. p. m. was 
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found for the crude day sewage, whereas at 39th St. this was only 
100 to 150 p. p. m. 

The temperature of the sewage at Center Ave. ranged from 60 
deg. Pahr. in the winter to 90 deg. Pahr. in the summer, being 
nearly 20 deg. warmer than the domestic sewage at 39th St. (of. 
fig. 11). 

The average week day flow at Center Ave. sewer, gaged during 
11 months in 1912-13, varied from 16.4 cu. ft. per sec. at night to 
29.0 cu. ft. per sec. by day (cf. fig. 19), with a maximum recorded 
hourly rate of 105 cu. ft. per sec. during a rainstorm. The Sunday 
flow has averaged 14.1 cu. ft. per sec. Of this flow about 150,000 
gal. per 24 hr. have been handled in the testing station. 

SCREENING, COARSE. All the crude sewage used in the 
testing station passed through a bar screen with | in. clear openings. 
The retention of solid material was nominal, averaging about 90 lb. 
of moist screenings per mil. gal. with a moisture content of 82 per 
cent. The screenings are largely hair, coarse vegetable matter, guts 
and similar material quite foreign to domestic sewage. A coarse 
screen is requisite in any case to protect pumps and other devices. 

GRIT CHAMBER. The grit chaimber has been operated at 
velocities from 17 to 25 ft. per min. With a detention period vary- 
ing between 50 and 70 sec, the suspended matter has decreased in- 
appreciably, but a slight deposit of detritus, largely mineral, has 
occurred in amount about 0.02 cu. yd. per mil. gal., with a specific 
gravity of 1.3 and a moisture content of 44 per cent. The grit cham- 
ber has acted largely as a grease skimmer, from 5 to 1260 lb. of 
scum per mil. gal. having been removed, containing on an average 
about 75 per cent, moisture. Of the dry residue about 60 per cent, 
is ether soluble. This is, however, by no means a complete fat re- 
covery, being less than 11 per cent, of the total fat. The collection 
is higher in winter than in summer. 

TREATMENT- IN SETTLING TANKS. Plain sedimentation 
was tried in both Dortmund and Emscher tanks, and chemical pre- 
cipitation in a Dortmund tank. The Emscher tank, at first arranged 
for a downward and upward flow, was changed in March, 1914, to a 
straight horizontal flow tank. 

A daily average of 49 to 69 per cent, of the suspended matter in 
the heavy day sewage can be removed by plain sedimentation in 
tanks of the Dortmund and Emscher vertical flow types with periods 
from 1 to 4 hours. The effectiveness of the vertical flow tanks of the 
Dortmund or Emscher type depends on low velocities. Prom 60 to 
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70 per cent, of the suspended matter can be removed in straight flow 
Emscher tanks with a period from 2 to 3 hours. Chemical precipi- 
tation will remove upwards of 80 per cent, of the suspended matter, 
using about 3.0 grains of iron sulphate and 5 grains of lime per 
gallon. "^ 

QUIESCENT SEDIMENTATION. Special experiments on 
quiescent sedimentation in a deep can, along the lines indicated by 
Steuernagel at Cologne, Germany, show a removal of 76 per cent, 
of the suspended matter in 2 hr., with 1100 p. p. m. present. Ex- 
tended settling over 12 hr. indicates a removal of 79 per cent., which 
may be taken to represent the settling suspended matter. The re- 
sults plotted in fig. 17, indicate higher removals than for similar 
experiments on 39th St. sewage. 

DORTMUND TANKS. The Dortmund tanks have been oper- 
ated at varying detention periods and velocities. The average re- 
moval of suspended matter is as follows (see also table 27) : 



TJpward 




Per Cent Removal 






Average 


Detention 


Suspended Matter 


Number of 


. 


Velocity 
Ft. per Hr. 


Period 
Hours 




Months 
Averaged 


Tank 


Day 


24 Hour 






Sewage 


Sewage 






4.5 


1.0 


49 47 


1 


C 


2.6 


4.0 


54 48 


2 


D 


2.3 


1.9 


54 53 


4 


C 


1.8 


2.0 


49 42 


1 


C 


1.7 


6.0 


63 57 


3 


D 


1.5* 


3.0* 


72* 67* 


2* 


C 


1.1 


4.0 


69 65 


/3 


C 


1.0 


10.0 


80 72 


1 


D 



' One month on raw sewage and one month on screened sewage in daytime. 



These results show that in a Dortmund type of tank, both velocity 
and detention period are factors in the efficiency of removal of 
suspended matter. Low velocity is more important than a long 
period, as the same detention period gives greater efficiencies with 
the lower velocities. This is of great importance in determining 
the economy of this type of tank. For instance, with a velocity 
of 1 ft. per hr., the removal is considerably higher than with 
velocities of 2.5 ft. and over. As the settling efficiency depends 
on the Velocity, and the capacity on the area multiplied by the 
velocity, high velocities are desirable from the viewpoint of econ- 
omy, but undesirable from the standpoint of efficiency. 
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EMSCHER TANK. With the Bmscher tank, the following re- 
sults have been obtained (see also table 45) : 



Average 
.Upward 


Detention 
Period 
Hours 


Per Cent Removal, 
Suspended Maiteb 


Number of 
Months 


Velocity 
Ft. per Hr. 


Day 
Sewage 


24 Hour 
Sewage 


Averaged^ 




ORIGINAL TANK. VERTICAL FLOW 




1.9 
2.5 
3.8 
5.0 


4.0 52 45 
3.0 50 47 
2.0 51 48 
1.5 53 50 

REMODELED TANK. HORIZONTAL FLOW 


2.5 
2.0 
5.5 
4.0 


9.2* 
6.0* 


1.9 61 58 
2.9 72 69 


2.3 
3,0 



* Horizontal Vel. Ft. per Hr. 

Less variation occurred for different periods and velocities 
than with the Dortmund tanks. The relatively high efficiency for 
the 1^ hr. detention period may have been influenced by the addition 
of scum baffles about that time, which retained considerable light 
floating inaterial from passing off in the effluent. The disturbances 
incidental to "ripening" of the sludge digestion chamber, also in- 
terfered with the efficiency of the tank during the first few months 
of operation. 

CHEMICAL PRECIPITATION. With chemical precipitation, 
using copperas or alum and lime, or alum alone, during the hours 
of strong flow, and plain sedimentation during the night, a reduc- 
tion in suspended matter of about 80 per cent, was secured. The 







Grains 


PEK Gal. 


Per Cent Reduction 


Upward Vel. 


Detention 






Suspended Matter 


Ft. per Hr. 


Period, Hr. 










Copperas 


1 Lime 


Day 


1 24 Hour 


3.3 


3.0 


5.5 


10,3 


76 


72 


3.3 


3.0, 


4.5 


10.2 


80 


77 


3.3 


3.0 


3.5 


9.9 


84 


79 


2.2 


2.0 


3.3 


8.6 


78 


74 


2.2 


2.0 


3.5 


5.1 


67 


68 


2.5 


4.0 


3.5 


5.1 


79 


70 


2.5 


4.0 


2,4 


5.2 


82 


74 


2.5 


4.0 


5,2 


5,5 


72 


65 


1.7 


6,0 


4,9 


6,0 


77 




2.6 


4.0 


2,4* 


2.8 


64 


52 


2.6 . 


4.0 


3,0* 


0.0 


73 


• 66 


2.6 


4.0 


1,9* 


2.7 


82 


76 


2.6 


4.0 


3,2* 


0.0 


80 


76 



* Alum used instead of copperas. 
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following figures show the results of individual runs (see also table 
55): 

The apparatus for mixing and applying the chemicals was some- 
what crude. In a large installation at least 3 gr. per gal. of copperas 
and 5 of lime would probably be required. Lime is essential to 
obtain a floe with the copperas. With alum a floe was formed with- 
out the addition of lime but scum formation was excessive. The 
cost for chemicals alone was assumed at $0.50 per mil. gal. for 
each grain of lime per gallon, $0.65 for each grain of copperas, and 
$1.15 for each grain of alum. On the basis given, 3 gr. per gal. of 
copperas would cost $1.95 per mil. gal. and 5 gr. per gal. of lime 
would cost $2.50 per mil. gal., making a' total chemical cost alone of 
$4.45 per mil. gal. 

SLUDGE ACCUMULATION. The amount of sludge retained 
in the various devices varied considerably per unit volume for 
individual measurements, apparently due to fluctuations in water 
content, slight changes influencing the volume very markedly. The 
relative proportion of bottom kludge and top scum is also a factor 
of importance. The following 'figures, based on actual measure- 
ments, indicate the amounts of sludge found in cubic yards per 
million gallons of sewage: 



Tank 



Cu. Yd. peh Milmon Gallons 



Sludge 



Scum 



Sludge 
and Scum 



Period of Observation 



Dortmund C. . 
Dortmund D . 
Emscher E . . . 
Chem. Preclp. 



3.1 2.7 5.8 June 24, 1913, to June 19, 1914 

6.1 3.5, 9.6 Sept. 16, 1912, to July 7,1913 

6.8 1.3 8.1 Sept. 16, 1912, to June 1,1914 

12.7 ... 12.7 Aug. 28, 1913, to June 1,1914 



The figure for chemical precipitation is the average of individ- 
ual runs, using copperas and lime, the others are cumulative aver- 
ages over long periods. With alum instead of copperas, consider- 
able scum formed, but those results are not included in the table. 
The scum accumulation in the Emscher tank is high because of the 
inclusion of the scum removed during the ripening period. At that 
time it formed in large amounts, but afterwards very much less 
accumulated. These figures were obtained with a uniform rate of 
flow through the tanks throughout the entire 24 hours. But as the 
day flow in the sewer is much greater than the average flow during 
the hours of flow iwhen the sewage is strongest and consequently 
when deposition is greatest, in adapting these figures to actual de- 



sign, operating conditions must be taken into account. For uniform 
flow the figures are correct, but for a variable flow through a given 
number of units allowance must be made for the greater proportion 
of day flow, in figuring the probable rate of sludge accumulation. 
On the other hand, the greater depth of the tanks in an actual plant 
would have a tendency to compact the sludge and thus diminish 
its volume. 

The following table gives approximately the average composi- 
tion of sludges and scum from the various tanks : 











Percentage 


ON Det Basis 


Tank 


Specific 


Per Cent 




















Gravity 


Moisture 


Nitro- 


Volatile 


Fixed 


Ether 








gen 


Matter 


Matter 


Soluble 






SLtJDGE 








Dortmund C. 


1.02 


90.8 2.65 


72 


28 


8.1 


Dortmund D 


1.02 


91.7 2.88 


76 


24 


8.6 


Emscher 


1.02 


91.4 2.75 


64 


36 


6.6 


Chem. Precip 


1.03 


89.5 2.21 
- SCUM 


58 


42 


5.1 


Dortmund C 


1.02 


84.1 2.55 


71 


29 


7.7 


Dortmund D 


1.02 


84.5 2.60 


75 


25 


9.2 


Emscher 


1.01 


84.1 2.73 


72 


28 


• 12.9 



The digestion in the Emscher tank is shown by the decrease 
in the proportion of volatile matter over the fresh Dortmund sludges. 
The influence of the precipitant on the chemical precipitation sludge 
is indicated by the high ratio of fixed matter. The scums are very 
similar to the sludges from the respective tanks, except that the 
moisture content is lower. The Emscher scum, however, shows an 
appreciably higher percentage of volatile matter, indicating that 
little or no digestion has occurred. 

SCUM. Scum consistently persisted on the surface of the Dort- 
mund tanks at all times. Practically none formed on the chemical 
precipitation tank, except when alum was used instead of copperas. 
For the first seven months of operation, scum formation was ex- 
cessive on the Emscher tank. With the establishment of thorough 
ripening, however, the production of scum has shown a marked de- 
crease, particularly during the summer months. Experiments on 
Tank C using the effluent from the rotary screen seemed to indicate 
that scum formation could be largely eliminated by preliminary 
fine screening through 30 mesh screens. 

ODOR. Slight odor developed from the Emscher tank. A 
trace of hydrogen sulphide was occasionally noted, particularly when 
sludge was being removed. With the other tanks, the odor has been 
more marked, particularly during removal of sludge. 
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SCEEBNING, FINE. A number of experiments were conducted 
on the efficiency of fine mesh screens of mesh from 4 to 40 per lineal 
inch. In most cases the flow was 14,800 gal. per 24 hr. per sq. ft. 
of screen area, on a screen approximately 3.5 sq. ft. in area, on strong 
day sewage running to a final loss of head of 4.5 ft. Prom 134 to 
1534 Ib.^of dry material was removed per mil. gal. (table 86), with 
a calculated per cent, reduction of suspended matter ranging from 
10 to 26 per cent. The removal by the 24, 30 and 40 mesh screens 
averaged from 1098 to 1534 lb. of dry material per mil. gal. 60, 80 
and 100 mesh screens tested subsequently gave somewhat higher 
per cent, removals of suspended matter, but as the sewage at that 
time was weaker the pounds of dry material removed per mil. gal. 
was less than for the former screens previously tested (cf. tables 85, 
86)'. These results indicate in general an increasing efficiency with 
decreasing size of mesh, under similar conditions. 

REMOVAL BY FINE MESH SCREENS. 



No. Meshes 

per Lineal 

Inch 



Net Length 
of Opening 
■ Inches 



Dry Screenings 

Lb. per Mil. 

Gal. 



Suspended 

Matter 

Per Cent 

Ee iuction 



No. of 
Tests 



4 


0.198 


134 




3 




6 


0.137 


654 


13 


5 




10 


0.072 


421 


10 


6 




16 


0.042 


992 


17 


4 




20 


0.036 


919 


16 


4 




24 


0.029 


1113 


21 


5 




30 


0.022 


1098 


19 


10 




40 


0.015 


1534 


26 


11 





EOTARY SCREEN. Extended experiments were also made with 
a small rotary screen of the Weand type 2 ft. 4 in. in diameter and 
4 ft. 8 in. long, swung on a steel axle. The coarse supporting screen 
was covered with a fine screen of 30 meshes per lineal in. The screen 
rotated 7 r. p. m. and was cleaned by a spray of water directed 
against the outside, the screenings being ejected at one end by a 
worm and buckets. During three separate runs, in October, No- 



Date 


Hrs. of Operation 


Dry Scbbbnings 
Lb. per Mil. Gal. 


Per Cent Reduction 

Suspended Matter 

Computed 




Max. 


Min. 


Avg. 


Max. 


Min. 


Avg. 


Oct.-Dec, 

1913 
May, 1914 
May, 1914 
July, 1914 


8:00 a.m. to 4:00 p.m. 

7:30 a.m. to 10:30 p.m. 

10:30 p.m. to 7:30 a.m. 

8:00 a.m. to 11:00 p.m. 


1420 

816 

41 

488 


505 

304 

26 

194 


950 

500 

32 

310 


23 

16 


12 
6 

6 


17 
12 

9 
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vember and December, 1913, May, 1914, and June, 1914, each of 
about one month's duration, the foregoing results were obtained. 

Based on the actual analyses, the average reduction of sus- 
pended matter for the first run was about 32 per cent., as compared 
with the average of 17 per cent., computed by the addition of the 
weight of screenings to the effluent. The result of operation dur- 
ing the heaviest hours of the day is strikingly shown. Extending the 
period of operation into the evening cuts down the unit rate of 
accumulation, while the removal at night is comparatively low. The 
capacity of the screen was not found to be exceeded with rates 
of flow between 5300 and 8000 gal. per day per sq. ft. of net effective 
area, at the linear peripheral velocity of 51 ft. per min. 

SCREENINGS. The material caught by the screen ' differs 
widely in appearance from the tank sludges and scums, and is 
usually of a dirty greenish yellow color, firm enough as ejected to 
be forked after slight draining. The material is largely organic, 
the volatile matter in the dried residue running uniformly over 90 
per cent. "When delivered from the screen, the moisture content 
averages between 85 and 88 per cent., but after slight draining is 
readily reduced to about 80 per cent. 

SCREENS ON STOCKYARDS AND PACKING HOUSE. Be- 
side the work at the testing station, additional tests were made on 
a traveling band screen designed by Mr. C. A. Jennings, located 
at the outlet of the Morgan street sewer, and also on a Weand 
screen, purchased by the packers, and installed at the Sulzberger 
plant. The Morgan street sewer receives drainage from a portion 
of the stockyards only. The sewage is considerably weaker than 
the ordinary packing wastes (ef. table 116). The Sulzberger screen 
was set up at the outlet for the entire plant. Both these screens 
were covered with wire cloth with 40 meshes per lineal in. when 
tested. The duration of each test at Sulzberger's was from 1 to 7 
hr. (cf. table 82), according to circumstances, and from 5 to 6 hr. 
at Morgan St. The results of these tests are tabulated below: 



Sewer Outlet 



Dry Scrbbninos 
Lb. per Mil. Gal. 



Max. 



Min. 



Aver. 



Per Cent Reduction 
Suspended Matter 



Max. I Min. I Aver. 



No. of 
Tests 



Screen 



Morgan St. . . 1420 
Sulzberger . . 2820 



945 
320 



1150 
1690 



49 
39 



22 



33 
26 



5 Jennings 
7 Weand 



The initial content of suspended matter delivered to the Jen- 
nings screen averaged 340 p. p. m., whereas that at the Sulzberger 
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plant averaged 747 p. p. m. Considerably higher efficiencies are 
probably possible at the individual plants than can be obtained at 
the Center Ave. outfall, largely because of the greater concen- 
tration and freshness of the wastes. Although no tests were made 
by the District at the Armour pliant, an average efficiency of about 
65 per cent, was claimed by their superintendent, Mr. Harding. 
This appears very high, but may be influenced by concentrated waste 
from certain processes, as for instance, water from the paunch ma- 
nure presses containing considerable coarse material in suspension. 

An essential requisite of a good screen is its equipment with ade- 
quate cleaning devices. Water was used on the screen at the testing 
station and compressed air on the Jennings screen. Both were effec- 
tive, but the high pressure at which the air was then applied resulted 
in rapid destruction of the wire mesh. The presence of large quan- 
tities of grease or fat in the sewage is likely to cause more or less 
clogging, by depositing or chilling in the meshes of the screen. 
This can be removed by occasional application of steam. 

At Morgan St. the 40 mesh screen removed from 4820 to 7860 
lb. per mil. gal. wet material, averaging 6740 lb. or 1150 lb. dry. 
This removal averages about 24 per cent, actual suspended matter 
or a computed removal of 33 per cent. The previous summer a 
small straight flow tank of 1.21 hr. capacity removed 3.8 eu. yd. of 
sludge per mil. gal of 88.5 per cent, moisture. The removal of 
suspended matter averaged 63.8 per cent., with an average of 548 
p. p. m. in the influent. This yardage is probably low because the 
tank unloaded at times. The sludge had an offensive putrid odor. 
Based on the removal of suspended matter, the sedimentation 
plant is far more effective than screening. 

SCREENS WITH TANKS. As an adjunct to tank treatment, 
fine screening is likely to prove useful. The removal of light scum- 
forming material from the influent to the tanks is desirable in re- 
ducing operation difficulties and increasing the clarity of the effluent. 
During the months of May and July, 1914, one tank was operated 
on screened sewage during the daytime, and maintained almost 
an entire freedom from scum throughout the month. Under ordi- 
nary operation, a heavy scum would have formed long before the 
end of the month. The reduction in amount of sludge handled is 
also desirable under the conditions existing in the yards. Screen- 
ings at the rate of 500 lb. of dry material per mil. gal. would repre- 
sent a reduction in volume of nearly 3 cu. yd. of sludge containing 
90 per cent, moisture, or about 2 cu. yd. of scum containing 85 per 
cent, moisture. 

SLUDGE HANDLING. The handling of the liquid sludge pro- 
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duced by settling tanks is one of the important factors in reaching 
a conclusion. The rate of accumulation of sludge from the various 
devices was large and the composition largely organic. 

When withdrawn from the tanks in bulk, the moisture content 
was always greater than that in situ, as the withdrawal of some 
of the overlying sewage appeared almost inevitable, on a small scale. 
This increased the volume to be handled. The sludge from the 
various devices differed in appearance. That from the Emscher 
tank was uniformly black and even grained, flowing readily, and 
had little or no odor. The fresh sludge from plain sedimentation 
was usually of a dirty greenish black color, frequently having a 
very offensive odor. The consistency when run from the tank was 
not uniform, sometimes being very thick, while at other times 
quite thin. The chemical precipitation sludge was usually of a 
dirty greenish black, or deep black color, sticky in consistency, and 
ordinarily had a peculiar sickish or metallic odor. The sludge from . 
the secondary settling basin was usually of a deep brown color, very 
smooth in appearance, with an odor resembling that of decayed 
vegetables. ' 

SLUDGE DRYING. Experiments on underdrained sand beds 
showed that the Emscher tank sludge uniformly dried to a spadeable 
condition in layers 1 to 1.5 ft. thick in 5 or 6 days of good weather. 
Under these circumstances, the moisture content was ordinarily 
reduced to about 75 per cent. Although the sludge was still moist 
it was removed from the beds without difficulty. With fresh Dort- 
mund sludge dried under similar conditions the drying time varied 
from 2 to 4 weeks with a final moisture content of about 75 per 
cent. The chemical precipitation sludge was even more retentive of 
moisture, 3 to 4 weeks usually being required. 

The Emscher slucige drained largely from beneath. Within 24 
hr. after application, the surface became firm and cracks began to 
appear. With the fresh sludge, the water ordinarily flushed to the 
surface, making the drying largely a matter of surface evaporation. 
The chemical precipitation sludge was very retentive of moisture, 
a thin hard crust forming on the surface while the interior of the 
mass remained soft and sticky for long intervals. Violent septic 
action was sometimes noted in this sludge after application to the 
beds, the surface sometimes falling 6 in. on the stirring of the mass, 
by the liberation of entrained gases. 

Little has yet been done on the secondary settling basin sludge, 
but the indications are that it will dry very readily in thin layers. 

The beds used in these experiments were about 6 in. deep, con- 
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sisting of graded gravel. overlaid with about 1 to 2 in. of torpedo 
sand. They were exposed to the sun and air. 

SLUDGE PRESSING. A few experiments were made with a 
Kelly filter press, using the chemical precipitation and fresh sludges. 
Sludge was pumped into the press under pressures of from 70 to 
80 lb. per sq. in., which were maintained for about 15 min., the 
filtrate escaping through the press cloth. Irrespective of the initial 
moisture content, a final result of about 75 per cent, was obtained 
in most cases. The sludge appeared wetter than that of similar 
moisture content removed from the beds, being more compact. 
' One objection to ""this type of apparatus was found to be the fre- 
quent rehandling of sludge necessary, as the cloths becaine com- 
pletely clogged after a thin "cake" had farmed over them. The 
interior of the press was left filled with liquid sludge which had to 
be withdrawn to allow the cloths to be cleaned. 

SLUDGE FUEL VALUES. Calorific tests showed various 
sludges to have thermal values varying from 2500 b. t. u. per lb. for 
dried sludges, which had been exposed to the weather for several 
months, to over 9000 b. t. u. per lb. for fresh sludges and screen- 
ings on a dry basis. The fresh material, if rapidly dried, has a 
calorific value comparable to that of poor coal when computed on 
a dry basis. A considerable portion of these heat, units must, 
however, be used in evaporating the moisture content. A consider- 
able loss of heat-producing constituents occurs, however, on pro- 
tracted exposure to the air. The great bulk of water which the 
fresh sludges contain is the chief obstacle to their incineration. 

FERTILIZER VALUES. The few analyses for fertilizing con- 
stituents made do not promise recovery of any fertilizer values worth 
attention from a standpoint other than possible reduction of sludge 
volume. 

SPRINKLING FILTER. The filter was 6 ft. in depth, consist- 
ing of 5 ft. 6 in. of li to 2 in. limestone overlying 6 in. of 2 to 4 in. 
stone. It was dosed with a Taylor circular spray nozzle with a cam 
device for regulating the head on the nozzle. The effluent from 
the Emscher tank was applied to the filter. Operation began in 
September, 1913, at a nominal rate of 0.75 mil. gal. per acre daily 
and this rate was maintained till April 1, 1914, when it was in- 
creased to"l mil. gal. per acre. On August 1, the rate was still 
further increased. These rates are actual net yields. 

The work of the filter was very satisfactory. Suspended mat- 
ter varying between 70 to 210 p. p. m. was applied, the removal 
varying from about 45 per cent, to an increase of 76 per cent, during 
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the unloading period in April, 1914. Nitrification became well es- 
tablished within a few days after the start and has been well 
maintained since, the nitrates in the effluent varying from 10 to 20 
p. p. m. on the average. 

Putrescibility and dissolved oxygen samples were taken four 
times daily at 3 a. m., 9 a. m., 3 p. m., and 9 p. m. The former were 
incubated at room temperature for 10 days. 

For the entire period of the operation of the filter an average 
relative stability of 73 was obtained. But during May, June and 
July, the stability was 94. The time required to ripen, and the 
spring unloading in April lowered the stability for the flr^t six 
months. There appears little doubt but that a rate can be main- 
tained of net yield of 1 mil. gal. per acre per 24 hr. on a bed 6 ft. 
deep, with gbod results, giving practical stability once the filter 
has ripened. 

The performance of the filter was best emphasized by the re- 
duction in oxygen requirements. Approximately 1000 p. p. m. of 
oxygen were required for complete stability of the crude sewage 
from Center Ave., whereas the average requirement for the filter 
effluent was about 64 p. p. m. or a reduction of over 90 per cent. 
The filter effluent contained enough oxygen available to meet this 
requirement during the past 3 months and was stable. These fig- 
ures were for the strong day* sewage. Free oxygen was nearly al- 
ways present in the filter effluent which was uniformly clear. 
The material in suspension discharged by the filter was granular, 
settling readily. 

The indications are that a sprinkling filter can handle this 
liquid and produce an effluent remarkably improved over the orig- 
inal sewage. Continued operation is needed to settle the question 
of permanency of capacity. There is evidence that more or less 
fat is retained at times in the filter. Whether or not this will be 
removed during the unloading period is a question. Owing to the 
high temperature of this sewage, cold winter weather is not likely 
to cause any difficulty in operation. 

, SECONDARY SETTLING. The effluent from the filter was 
passed through a small secondary settling basin operated on the 
Dortmund principle. The detention period was 1 hr. the greater 
part of the time, and the upward velocity from 2.4 to 3.5 ft. per hr. 
Under these conditions, the removal of residual suspended solids 
varieid from an increase of 7 per cent, to a removal of over 50 per 
cent., based on monthly averages. A longer period and lower 
velocity is evidently required. Sludge accumulated at a rate vary- 
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ing from 0.5 to nearly 8.0 cubic yards per mil. gal. between individual 
measurements. Tbe percentage of volatile matter in the sludge 
recovered from this tank was appreciably lower than for the fresh 
sludges from the preliminary tanks, while the nitrogen content was 
distinctly higher. 

Secondary settling basins appear desirable on account of the 
large amounts of suspended matter applied to the filter and un- 
loaded. Owing to the excessive scum formation at times and the 
comparative difficulty of maintaining single chamber tanks, a dou- 
ble-deck type of tank seems preferable, even though a shallow sludge 
chamber necessitates pumping the sludge into the deeper primary 
settling tanks. 

OXYGEN EEQUIRED. Comparison of the total oxygen re- 
quired for the oxidation of the sewage showed a demand at 39th 
St. on domestic sewage, of about 100 to 150 p. p. m., whereas at 
Center Ave. the demand was around 1000 p. p. m. The improve- 
ment by plain settling of the Center Ave. sewage averaged from 
18 to 48 per cent. For chemical precipitation the improvement 
ranged from 22 to 48 per cent. The sprinkling filter did not at 
all times deliver a stable effluent, particularly at the start. How- 
ever, during May, June and July, 1914, the oxygen available' in the 
effluent was greater than the demand, so the liquid proved thor- 
oughly sta'ble, for the specific tests for biologic oxygen consumed. 
The larger number of relative stability tests made check very closely, 
with an average relative stability of 94. , 

The indications are clear that fine screening had a small effect 
on improving the stability of the liquid, compared with the im- 
provement due to sedimentation. 

FAT REMOVAL. While considerable fat is and has been re- 
moved by the skimming basins of the various packing houses, and 
on the Center Ave. and Ashland Ave. outlets, there is a loss due 
to insufficient basin capacity. The fat contained in the sediment 
or sludge is also lost, as well" as the fats which are kept in an 
emulsified state in the hot summer sewage, by the heat of the 
liquid. 

The studies on fat removal show a greater removal in the winter 
than the summer. This is not explicable on the theory of lack of 
business in summer, but probably depends on temperature. The 
melting point of the fat extracted by ether from the fatty wastes 
collected by us is 26 deg. C. or 79 deg. F. In the summer months 
the sewage is continuously warmer in the day. Cooling the sewage 
by exposure to air in shallow basins, or artificially, seems to be the 
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probable solution of this problem. About half the fat was removed 
on the average by plain sedimentation, while with chemical pre- 
cipitation about two-thirds was deposited. 

RECOVERY OF FAT BY ACIDIFICATION. Although there 
is considerable fat reported in the sludges as directly ether soluble, 
yet the acidification of the sludge will in many cases greatly in- 
crease the fat yield. Several random analyses are given on both 
sludge and seum: 



Tank 


Material 


Ethbb Soluble 
Pekcbntagb op Dry Weight 


Remarks 




As Removed | Acidified 




C 
D 
C 


Seum ' 

Sludge 

Sludge 

Scum 

Scum 


11.4 23.3 
7.4 10.0 
10.0 25.6 
62.3 69.0 
12.6 29.8 


Chem. Pre. 
Bottom Sludge. 


Grit Cham. 




E 


From Gas Vent 



Acidification of the heavy day sewaige followed by sedimenta- 
tion for 3 hr. in a Dortmund tank gave an average fat removal of 
about 69 per cent. The amount of acid consumed is large, 2500 
lb. of 100 per cent, sulphuric acid per mil. gal. being necessary to 
neutralize the alkalinity, while for efficient fat removal qn excess is 
required. 

Acidification of the sludge removed by plain sedimentation 
with subsequent recovery of the grease by the use of some solvent 
or by distillation with steam is also a possibility. The processes 
and costs are not as yet established. 

Various ways have been suggested of acidification, which if 
ever proved economical, can readily be added to settling works. 
Acidification of sewage makes an apparent reduction in the biologic 
oxygen consumption which is remarkable, but this is probably not 
real, being simply due to a retardation of decomposition fey the 
sterilization of the bacteria present, the organic material being left 
in solution. If thoroughly seeded, new bacteria will pick up the 
work of decomposition, the liquid then proving putrescible. Similar 
phenomena may happen with chloride of lime. 

GENERAL CONCLUSIONS. The operation of the Center Ave. 
testing station has demonstrated that it is entirely practicable to 
treat to any desired degree sewage, mixed from industrial and 
domestic origin, as it issues from the Center Ave. outlet. Of the de- 
vices tried, fine screening, sedimentation in double-deck tanks, and 
sprinkling filters appear most suitable. The combinations are : 
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1. Fine screening. 

2. Pine screening in combination with sedimentation. 

3. Fine screening in combination with sedimentation followed 
by biological treatment on sprinkling filters and secondary sedimen- 
tation. 

Under any circumstances, the removal of settling suspended 
matter from industrial wastes is needed. Fine screening alone does 
not appear adequate to meet this test. In almost every ease screens 
can be installed at the individual houses, and on the fresh sewage 
will undoubtedly be more effective. Hence screening appears to be 
an individual problem for each house or firm. Sedimentation re- 
quires more space, both for equipment and disposal of sludge, and 
hence is best handled as a community problem, because at most 
houses space is lacking. 

In any ease, fine screening is the logical first step, to remove 
the coarser suspended matter, and will fit with sedimentation in 
that it materially reduces the scum-forming material. 

Ultimately biological treatment of industrial wastes is a neces- 
sity. Sprinkling filters followed by secondary settling tanks seem 
most desirable. But w;ith a gradual installation, opportunity is 
afforded on a large scale, to watch the effect of the removal of sus- 
pended matter from a gross source of pollution. Preliminary screen- 
ing and settling are necessary as a preparatory treatment for sprink- 
ling filters, and would be advantageous in the operation of a long 
intercepting sewer by preventing deposits from a sewage so heavily 
laden with settling suspended matter. 

OBJECT OF INVESTIGATION. The purpose of the inves- 
tigation has been two-fold, first to learn how to relieve the load 
upon the main channel coming from the organic waste Of this in- 
dustry and second how to remove the local nuisance from the East 
and West arms of the South Fork of the South Branch of the 
Chicago River, and particularly the West arm, known popularly 
as Bubbly Cr^ek. 

CONSIDERATIONS INVOLVED. The solution of the problem 
involves not only a consideration of the.municipal and private sewers 
in and around the yards and Packingtown, but also the efficiencies 
of various forms of treatment, the size and location of treatment 
works, and the relation of different steps in the collection and 
treatment to the future. Whatever is done must be flexible, readily 
adapted to future extension and fitting into a comprehensive sys- 
tem, if it ever becomes necessary. 

EXISTING SEWERS. The present system of private sewers 
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in Pactingtown is generally inadequate for flood flows. Center 
Ave. sewer is also overloaded at time of heavy rain. The City of 
Chicago is now planning a new sewer, located to the west of but 
parallel to the Center Ave. sewer, to run south and relieve the 
old Center Ave., Ashland Ave. and Eobey St. sewers, and pick up 
some new territory. 

EXISTING TREATMENT. At present there -is practically no 
treatment of the industrial sewage from Packingtown, other than 
a partial removal of fat by grease skimming basins. The basins 
are seldom built to retain settling material, except at the hog- 
houses, and then are insufficient. The screens in use are very coarse 
and hold back little except intestines. 

At the stockyards, the Jennings screen is handling the outflow 
of the Morgan St. sewer. At the other outlets no treatment is 
given. 

PILLING BUBBLY CREEK. From the sanitary standpoint 
the filling of Bubbly Creek would be desirable, although mere filling 
alone would simply transfer the nuisance from one locality to 
another. "With suitable treatment of the industrial wastes, it is 
entirely proper that this dead arm be filled and that the area thus 
reclaimed be used as a site for sedimentation tanks. The areas 
reclaimable are : 

A. From the end of the West Arm to Ashland Ave. — 11.5 acres. 

B. From the end of the West Arm to W. 39th St.— 16.5 acres. 

C. From the end of the West Arm to the Forks — 24.3 acres. 
The fill required can be obtained in part from the construction 

of the proposed Center Ave. sewer, the proposed sedimentation 
plant, and from the dumping of ashes. The sedimentation plant 
itself for industrial wastes only will require 6 acres, and a reserva- 
tion of 3 acres for future use. 

The points to be cared for are : 

1. The flow in the West 39th St. conduit should be in- 
creased, by the introduction of the sewage from Robey St. 
and industrial sewages from the East thereof, including the 
stockyards and Packingtown. 

2. The sewage from the stockyards and Packingtown 
should be treated by fine screening and sedimentation at once, 
regardless of the outcome of the Federal suit. 

3. A portion of the bed of the West Arm should be re- 
served for the sedimentation plant. 

4. Intercepting sewers will be required to collect the 
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sewage and to divert tlie wastes of Packingtown from the 

new Center Ave. sewer into Ashland Ave. 

BEST PEOJECT. Consideration of various alternatives (see 
Chap. XVII) leads to the belief that the best project comprises an 
intercepting sewer for industrial wastes and domestic sewage extend- 
ing from Halsted St. to the west end of the "West Arm, the diversion 
of all Packingtown sewage from Center Ave. sewer to Ashland Ave. 
sewer, fine screening at the individual houses or firms, sedimentation 
at the outlet of the intercepting sewer, in a community plant built in 
the bed of the "West Arm west of Ashland Ave., an outfall sewer 
into the "West 39th St. conduit, receiving the effluent of the plant, 
and the diversion of the Robey St. sewer into the same conduit. 
The cost of this project is approximately $985,000, exclusive of legal, 
engineering and land expenses. The new Center Ave. sewer, under 
this project, would receive no industrial waste from the stockyards 
or Packingtown. 

Such a project for screening and sedimentation handles the 
wastes as separately as possible, with the presence of some domestic 
sewage, and is flexible with regard to the future. 

The ultimate solution will require biological treatment. As 
kpace is lacking in the immediate vicinity of Packingtown, this 
means an extended intercepting sewer running westward from the 
outfall of the sedimentation plant, which would carry the screened 
and settled sewage to a pumping station where the sewage would be 
pumped onto sprinkling filters. The effluent would require settling in 
secondary settling tanks. Sludge drying beds, an outfall sewer, and 
other collateral works are required. ' This fits directly onto the set- 
tling plant, just described. Screening and sedimentation are neces- 
sary as a preliminary treatment, and will materially aid in maintain- 
ing the intercepting sewer free from deposits. The additional cost 
for the intercepting sewer, pumping station, sprinkling filters and 
collateral works is approximately $3,600,000, exclusive of legal, engi- 
neering and land expenses. , 

BURDEN OF COST. There are many preliminary questions 
to be solved of legal and financial nature, as well as engineering 
details, before construction can commence. Particularly important 
is the distribution of the burden of cost. Undoubtedly the law 
intends that the larger burden shall be carried by the industries, 
for the organic law of the Sanitary District is based on the theory 
that a channel will be constructed solely for the reception of do- 
mestic wastes. 

RECO"VERIES. The results of the testing station do not indi- 
cate hope of recovering much material of value, from the commer- 
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cial standpoint, other than grease. It is possible that use may be 
found for the sludge as filler for fertilizer, and that the screenings 
may be burned. The smaller houses should endeavor to save all offal 
or other material now reaching the sewers, which is saved by the 
larger houses, by some cooperative arrangement. 

The chief object to attain here is not commercial recoveries, 
but the destruction of a nuisance of long standing. Improved 
conditions of sanitation, and standards of civic cleanliness, demand 
this. 



CHAPTER I. 



THE STOCKYARDS AND PACKINGTOWN INDUSTRY. 

For years Chicago has been the center of stockyards and pack- 
ing interests. A large community of plants has grown up in the 
vicinity of 39th and Halsted streets on the South Side, occupying 
over one square mile, with stockyards and packing houses, and 
including all the scattered plants, nearly one and one-half square 
miles. The industry has grown from small beginnings, with various 
shifts in location. In 1848, John B. Sherman started the Old Bull's 
Head stockyards at the corner of Madison street and Ogden avenue. 
This site proving unsatisfactory, a new site was selected at Cottage 
Grove avenue and 30th street, known as the Sherman Stockyards. 
In 1865, the site was again changed to a half -section bounded by 
'40th and 47th streets, and by Halsted street and Center avenue, at 
that time largely a swamp far outside the city limits. At first, the 
yards covered 120 acres, with 2,000 cattle pens, which grew in 1901 
to 340 acres with 5,000 pens. 

From 1865 on, the industry developed in one central location. 
As nearly as can now be learned, drainage was into the south branch 
of the Chicago Eiver, a very sluggish stream, utterly inadequate 
to receive the wastes of even a young industry. Complaints began 
early and continued for years, lessened somewhat by the endeavors 
of the packers to recover more completely the by-products. In the 
early days, the problem of disposing of the offal resulting from the 
slaughter of cattle, sheep and hogs, was very troublesome. Even 
its value as fertilizer was unknown. Blood was allowed to run into 
the river, while heads, feet, tankage and general refuse were hauled 
out on the prairie and buried. A few began to dig up this material, 
and convert it into glue, tallow, oil and fertilizer' in small factories. 
For awhile the offal was given to any one who would cart it away. 
Various products of fair quality were made in small factories, at ' 
large profits which attracted so much competition that buyers bid 
up the price of offal to a high figure 

"With the perfecting of a direct heat drier in 1877, the packers 
began to enter the fertilizer industry, making the profits for them- 
selves. Gradually other by-products were utilized, by the packers 
themselves, so that to-day practically every part of the animal is 



used in some way in factories belonging to the large packing houses. 
In the small houses, slaughtering largely for intra-state or local 
trade, early conditions still obtain. Blood, ofEal, and even tankage 
frequently are discharged into the sewer in a way not tolerated, in 
the large houses. To-day in the large houses, an attempt is made 
to save practically everything except the squeal, and even that the 
packers jokingly say is canned by a phonograph. In the. pursuit 
of returns, grease. is skimmed from the main sewer outfalls at Ash- 
land and Center avenues and from the immediate surface of the 
river. 

The endeavor of the industry, to secure economic recoveries has 
not, however, carried the efforts so far as to retain material of im- 
portaniee, not necessarily from the manufacturing staiidpoint, but 
from the standpoint of sewage disposal. There is still much ma- 
terial which passes away, in the aggregate thousands of tons a year, 
to which the practical manufacturer attaches little importance. To 
the sanitary engineer these wastes, containing large amounts of sus- 
pended matter with a liquid highly putrescible, are of great im- 
portance. For many years there has been a strong feeling that 
industrial waste of highly putrescible character is concentrated in 
the region along the South Fork of the Chicago River known as 
Bubbly Creek, yet no definite data had been found on which to 
base any recommendations for its treatment or use. 

Many sanitary engineers of standing have felt that the legal 
minimum rate of flow prescribed for the Sanitary District by its 
charter was too low to care for the industrial load on the main 
channel in addition to the sewage of purely human origin. "With the 
sluggish flow now existing in the West Arm and the moderate flow 
in the East Arm, it has been evident that sedimentation does occur 
both of organic and mineral suspended matter. The velocities of 
flow have not been made sufficiently high to scour. The condition of 
the South Fork has been vastly improved by the construction of 
the 39th street pumping station, and the use of the flushing pumps 
but permanent improvement will not ensue until the quality of the 
waste discharged into the river is distinctly improved, and large 
amounts of suspended matter removed. 

From time to time substantial deposits have been dredged out 
by the United States, the City of Chicago, the Sanitary District, 
and private corporations. The amount of material so removed 
amounts to several hundred thousand cubic yards, since the opening 
of the Drainage Canal in 1900. Banks of foul putrefying organic 
matter may still be seen at intervals along the South Fork, in 
particular along the West Arm, near Ashland avenue, where there 



is a bank in the middle of a draw span. A record of soundings in 
the West Arm, west of Ashland avenue, shows that over a period of 
thirteen years, from 1895 to 1908, the shoaling has continued at a 
rate of 0.42 feet per year. In this dead end, fed solely by the Ash- 
land avenue and Eobey street sewers, and a little surface water from 
the original bed of the old "West Arm east of "Western avenue, the 
source of the deposits is at once evident. During the work pre- 
liminary to the opening of the conduit from the "West Arm through 
Western avenue to the Drainage Canal, the Sanitary District re- 
moved approximately 100,000 cubic yards of material from the river 
west of Ashland avenue. Of this it is estimated that over 50 per cent, 
was typical sludge of sewage origin, in various stages of putrefac- 
tion. 

PREVIOUS INVESTIGATION. 

Early in the history of the Sanitary District, it was realized 
that something must be done to improve the condition of Bubbly 
Creek. In 1890 steps were taken by L. E. Cooley, then Chief Engi- 
neer, towards a comprehensive investigation covering gaugings of 
sewers and chemical analyses. Of this work only a few records are 
available, principally a table of analyses (Proceedings, 1891, p. 183) 
copied herein (table 1), and some plots of gagings. The analyses 
of the Stockyards sewage (Ashland avenue and Brennock sewers) 
made by Prof. J. H. Long agree very closely with the present day 
results. 

At the same general period a report was made by W. E. 
Worthen, then Chief Engineer (Proceedings 1891, p. 140-4), in 
which the construction of an intercepting sewer or conduit was 
recommended of a capacity of 38 cubic feet per second from Hal- 
sted street westerly to receive all the Packingtown sewage. Flush- 
ing pumps were also proposed, the whole to discharge into the Illi- 
nois and Michigan Canal. Apparently, however, no attention was 
paid to the possible effect of this discharge on the canal. 

Ten years later, in the report Of the Sanitary Investigations of 
the Illinois Eiver and its tributaries (Illinois State Board of Health, 
1901), Prof. J. H. Long made a special report on the chemical and 
bacterial examination of the waters of the Illinois Eiver and its 
principal tributaries (pp. 66-67). Comment was made on the condi- 
tions existing in Bubbly Creek and the North Branch as follows : 

"An extremely important factor in determining the char- 
acter of the Bridgeport discharge is the drainage from the stock- 
yards sewers, and in former years the output of these was much 
greater in amount of organic matter than at the present time. 
In 1886 I made some examinations of the flow of the main sewer, 
and found that the organic matter discharged by it when calcu- 



lated to the dry condition amounted to over 112 tons daily, which 
is about equivalent to the closet sewage of a population of 
1,350,000. This large content was exceeded greatly in earlier 
years when the commercial value of the waste was not appre- 
ciated. Several years later, in 1890 and 1891, I had occasion 
to make extended investigations of the character of the sewage 
reaching Bridgeport from several quarters. Over twenty com- 
plete tests were made on the sewage discharged from the Bren- 
nock and Ashland sewers combined, the samples being collected 
in such a manner as to secure a very accurate and fair average 
for the flow of the 24 hours. With a mean discharge of 1,336,000 
cubic feet per day, the organic matter present was 2,428 parts 
per million, corresponding to 91,850 kilograms or about 101 
tons daily. At the same period the discharge of the Halsted 
and 39th street sewers was 9.3 tons of dry, organic matter. 
The total nitrogen from the Ashland and Brennock sewers, 
counted as ammonia, was 418.5 parts per million, amounting to 
15,820 kilograms, or 17.4 tons daily. From the Halsted and 39th 
street sewers the amount was 37.2 parts per million, correspond- 
ing to 1,406 kilograms daily, or 1.25 tons. For the two sewer 
systems the ratio of ammonia to total organic solids is nearly 
the same, and high enough to indicate the essential proteid char- 
acter of the waste. 

"I believe these results may be applied to present condi- 
tions (1901.) with a fair degree of accuracy. While many im- 
provements have been made in processes for utilizing stock- 
yards waste, the gain is practically compensated for by the in- 
creased slaughtering of cattle and hogs. Extensions in the Ash^ 
land avenue and Halsted street sewer systems bring also a great- 
ly increased amount of sewage from points south of the stock- 
yards, so that the final discharge must now be above the figures 
given. Approximately, then, the flow at Bridgeport can be 
taken as made up of city sewage containing 150 tons daily of 
dry organic matter and the combined stockyards and Ashland 
and Halsted sewers, containing about 110 tons daily, but from 
the latter must be deducted the fraction of house sewage it 
contains, which in dry organic matter must amount to about 
20 tons, as the contributing district has a population of about 
200,000. Supposing the above assumption as to the constant 
flow from the stockyards correct, we must add 90 tons of dry 
organic matter to that from the city flowing toward the Bridge- 
port pumps." 

. The Board of Health of the City of Chicago has from time to 
time made cursory examinations of the slaughter houses from the 
standpoint of sanitary conditions (cf. Reports Dept^^ Public Health, 
Chicago, 1904-1910). Attention was principally directed to reducing 
the odors, the larger volume of which arise from the fertilizer driers. 
The nuisance from. Packingtown to-day is largely aerial. The odor 
is unmistakable, and travels miles under favorable atmospheric con- 
ditions. 



RESULTS OBTAINED. 

Notwithstanding all these investigations, little has been done 
from the standpoint of improving the condition of Bubbly Creek by 
the treatment of the pollution. The object of our investigation vras 
to establish definitely the probable amounts of waste to be expected 
and suggest the ways and means of handling the problem with a 
view to immediate action. 

PRESENT INVESTIGATION. 

An extended investigation was begun early in January, 1911, to 
cover all the industrial wastes which enter the Drainage Canal. Lists 
of probable sources of wastes were prepared, and as time has per- 
mitted, the localities have been examined, and samples collected. 
So far, the detailed investigation has been confined to the stockyards 
region and its immediate vicinity. 

Conditions along the Chicago River have changed so markedly 
in the last twenty years, that industrial practices which once passed 
unnoticed are fast becoming a serious problem. Again, with the 
occupation of the water-front, adjacent properties are sometimes 
directly injured by deposits from a neighboring factory up-stream. 
Hence the growth of the city and the accompanying congestion have 
brought about changed conditions, which miist be faced in order to 
avoid conditions worse than the present. 

PURPOSE. 

The purpose is not to drive manufacturers or industries away, 
but to secure such co-operation as will gradually improve existing 
conditions in an economical and scientific way. Treatment of indus- 
trial wastes is vitally necessary to prevent the canal from becom- 
ing a dumping ground for all kinds of industrial refuse, and thereby 
increasing the load on the canal itself. 

IMPROVEMENTS. 

However, it is frequently impossible at first to suggest off-hand 
the necessary improvements in detail, as none of the houses exam- 
ined so far had exact knowledge of the flow or quality of their dis- 
charges prior to examination by us. Measurements and tests are 
necessary, sometimes over an extended period. Plants vary, as well 
as operating conditions. Continued co-operation, study, and im- 
provement are therefore necessary. In addition, to the work already 
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accomplished in the Stockyards district, typical plants should be 
selected in the other industries, best adapted for experiment and 
devices should be installed to enable the study on a working scale 
not only of the sedimentation problem, which is usually essential, 
but also of further treatment, in order to be prepared for the future, 
when the reduction of the load of dissolved putrescible matter aris- 
ing from trade wastes may be needed. 

PACKERS' COMMITTEE. 

In 1911, as a result of preliminary work carried on by the Dis- 
trict, the various firms operating in Packingtown and the Union 
Stockyards and Transit Co. were called in for conferences to help re- 
lieve the situation by preventing deposits. As a result a committee 
was appointed to act for the various firms, a fund being contrib' 
uted, amounting to $26,864.38, to dredge out deposits in the east 
and west arms of the south fork of the Chicago Eiver. This work, 
postponed from time to time, was finally completed in 1913. Later, 
in 1912, a fund of $2,600 was contributed by the firms toward de- 
fraying the cost of a testing station at the outlet of Center avenue 
sewer,- the balance of the cost to be paid by the Sanitary District. 
In 1912 a joint committee of three members each of the Health com- 
mittee of the City Council of the City of Chicago, the packers and 
the trustees of the Sanitary District, inspected sewage treatment 
plants in the East. To date, hearty co-operation has been secured 
. from all the firms in the Stockyards and Packingtown. 

STOCKYARDS AND PACKINGTOWN. 

One of the largest industries in Chicago, if not the largest, is 
the animal industry centered in and around an area about a mile 
square, comprising the Stockyards and Packingtown. A great var- 
iety of processes is carried on, from the handling of live stock to the 
final disposition of the meat products and by-products, in many dif- 
ferent ways. Investigations show the following industries : 

Stockyards, including the handling and storage of live stock of 

all kinds. 

Packers, including slaughtering and packing, as well as the mak- 
ing of by-products,' in greater or lesser degree. 

Butterine works. 

Kendering establishments. 

Soap factories. 

Glue factories. 

Casing makers. 

Sausage makers. 
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Garbage rendering (The Chicago Eeduetion Co., up to 1914, 
when purchased by the city). 

Canning of fruits, vegetables, and meats. 

Pickle manufacturers. 

Breweries. 

FIRMS. The list of firms engaged in these industries is given 
in Appendix I. 

MAGNITUDE OF PROBLEM. In order to show the magnitude of 
the problem, figures furnished by the Drovers' Journal have been 
compiled, giving the statistics of the head of cattle, hogs, sheep and 
calves used in the city. This represents very closely the total head 
slaughtered. The figures extend from the beginning of the stock- 
yards, in 1866, to date, and are shown in table 2. In Pig. 1 is plot- 
ted the total head slaughtered each year, as well as the total popu- 




lation of the City of Chicago, as given by the U. S. census. The 
curves show a decrease in business done in Packingtown since 1900, 
probably due to the increasing number of other Western packing 
centers, at Kansas City, St. Joseph, Omaha, Fort "Worth, etc. Since 
the development of the industry has been. accompanied by marked 



TABLE 2. 



RECORD OP ANIMALS LEFT IN CHICAGO AND PRESUMABLY 
SLAITGHTERED. 1866 TO 1913. 

Compiled from Statistics Furnislied by the Drovers' Journal. 



Year 


Cattle 


Calves 


Hogs 


Sheep 


Total 
Head 


1866 


129,314 




478,871 


132,540 


740,725 


7 


125,608 




937,949 


130 613 


1,201,170 


8 


108,537 




686,453 


189;257 


984,247 


9 


108,385 




575,564 


231,382 


915,331 


1870 


141,255 


' 


768,705 


233,141 


1,143,101 


1 


141,132 




1,218,697 


179,969 


1,539,796 


2 


174,050 




1,417,029 


165,195 


1,756,274 


3 


187,247 




2,240,193 


176,499 


2,603,939 


4 


221,037 




2,028,018 


148,100 


2,397,155 


5 


224,309 




2,329,467 


175,344 


2,729,120 


6 


299,021 




3,058,371 


168,170 


3,525,562 


7 


329,749 




3,074,749 


154,886 


3,559,384 


8 


393,960 




5,072,748 


153,693 


5,620,401 


9 


488,629 




4,755,969 


165,853 


5,410,451 


1880 


496,863 




5,664,565 


179,300 


6,339,728 


1 


559,837 


'i5,483 


5,185,165 


239,686 


6,000,171 


2 


661,521 


14,636 


4,069,782 


314,687 


5,060,626 


3 


912,186 


17,552 


4,321,233 


375,454 


5,626,425 


4 


1,025,813 


21,264 


3,959,352 


511,275 


5,517,704 


5. 


1,161,524 


24,890 


5,140,089 


743,321 


7,069,725 


6 


1,259,225 


32,633 


4,627,977 


741,878 


6,661,713 


7 


1,590,525 


49,903 


3,658,851 


915,768 


6,215,047 


8 


1,643,158 


72,423 


3,169,883 


913,773 


5,799,237 


9 


1,763,310 


87,392 


4,211,867 


1,121,154 


7,183,723 


1890 


2,223,971 


113,559 


5,678,129 


1,256,813 


9,272,472 


1 


2,184,095 


157,052 


5,638,291 


1,465,332 


9,444,770 


2 


2,450,121 


166,572 


4,788,290 


1,661,711 


9,066,694 


3 


2,233,243 


196,725 


3,908,318 


2,588,309 


8,926,595 


4 


2,023,625 


149,061 


5,018,170 


2,766,327 


9,957,183 


5 


1,803,466 


158,858 


5,784,670 


2,932,093 


10,679,087 


6 


1,782,150 


131,880 


5,763,160 


3,029,416 


10,706,606 


7 


1,711,532 


111,759 


6,733,740 


2,968,530 


11,525,561 


8 


1,615,255 


104,889 


7,476,570 


3,046,014 


12,242,728 


9 


1,702,572 


118,489 


.6,488,431 


3,295,841 


11,605,333 


1900 


1,794,397 


122,250 


6,656,881 


3,061,631 


11,635,159 


1 


1,999,820 


162,437 


6,989,532 


3,280,793 


12,432,582 


2 


.2,031,644 


224,977 


6,643,440 


3,683,988 


12,584,049 


3 


2,163,031 


245,499 


6,088,369 


3,582,651 


12,079,550 


4 


2,922,853 


244,083 


5,612,724 


3,142,360 


11,922,020 


5 


2,010,256 


354,008 


5,697,632 


3,380;693 


11,442,589 


6 


2,176,252 


389,944 


5,533,457 


3,464,176 


11,563,829 


7 


1,853,240 


397,097 ■ 


5,490,159 


3,069,391 


10,809,887 


8 


1,683,870 


390,322 


6,261,707 


3,137,817 


11,473,723 


9 


1,662,126 


380,138 


4,955,025 


3,501,103 


10,498,392 


1910 


1,741,074 


464,742 


4,384,468 


3,735,346 


10,325,630 


11 


1,715,279 


493,561 


5,576,638 


4,452,810 


12,238,288 


12 


1,681,136 


482,932 


5,608,415 


4,880,873 


12,653,356 


13 


1,530,625 


356,921 


5,898,292 


4,453,610 


12,239,448 



improvement in the saving of wastes and their utilization in by- 
products, particularly among the large houses, it is probable that the 
increase in pollution due to the increase in the industry has not 
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been in a direct ratio to the increase in the head slaughtered. The 
small houses, however, still discharge a large proportion of their 
wastes, including much valuable material, which should 'be taken 
care of.' The scale on which their operations are conducted, how- 
ever, does not permit the economies of the larger houses. 

SEASONAL DISTEIBUTION. From the standpoint of the 
operation of the canal, and the load of organic matter to be cared 
for, it is important that the seasonal distribution be known. The 

Total Head of Cattle, Calves, Hogs and Sheep 
Slaughtered in Chicogo. 

5hoM/lng Distrfbutfon by Months. 



Oc/-. 




/s/o 



Afon//i/y ai^era'ffe ofo//years /&/}/■ 
Ai^erogre ofetrc/? /tfonfh /&0/-/9/t. 



Fig. 2. Seasonal Distribution of Killing. 

total head slaughtered has been averaged by months for the past 
ten years, and plotted in Fig. 2. This shows a slightly heavier load 
in the autumn and early winter than in the spring and summer 
months. 

PEELIMINART TESTS. In order to determine the condition 
existing in Packingtown, an inspection was made of the various 
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catch basins or outlets of the houses. Some catch basins are pro- 
vided with screens, others are not. Existing screens are often as 
large as 1 inch mesh, and in general are of little use. The catch 
basins are built primarily to act as skimming basins for grease and 
are too small, as a rule, to catch much, if any, of the settling susr 
pended matter, or even all- the grease. "Where material does settle, 
it has not always been removed. In some cases, the basins are 
flushed into the sewers or river, either automatically by siphons or 
by hand, or by the slow unloading caused by violent septic action. 
The large houses save more material than the small. The common 
source of trouble seems to be the paunch manure of cattle, though 
various particles of organic matter also appear. 

The general practice has been to build catch basins on those 
sewers which will yield some return in grease or fertilizer. The 
paunch manure and other waste lines are frequently by-passed 
around the catch basins, no treatment being provided. There are 
of course exceptions where care is taken to handle everything, even 
though but roughly. Where hogs are slaughtered, the paunch 
manure is usually saved for use as fertilizer. The cattle paunch 
manure has no value as such. 

The preliminary tests were made by collecting a portion of the. 
liquid every ten minutes, for a period of one hour, and mixing the 
portions thus collected into an average sample. The results are 
shown in table 3. Comparison with the normal city sewage shows 
from 4 to 60 times the content of suspended matter, based on the 
total. If the proportion of volatile matter be considered in most 
cases the ratio would be from 5 to 100 times the amount of suspended 
organic matter, susceptible to putrefaction. 

The "Oxygen Consumed" test indicates roughly the amount of 
carbonaceous matter present requiring oxidization. Part is dis- 
solved, part suspended. From 5 to 70 times as much "oxygen con- 
sumed" is found in these industrial wastes as in the average normal 
city sewage. 

The "Organic Nitrogen" test furnisjies an index to the amount 
of putrefaction which may be expected if sufficient fresh water is 
lacking to cover the needs of the nitrogeneous decomposition pro- 
duets. From 4 to 140 times as much organic nitrogen is found in 
the 'industrial wastes as in the 39th street sewage. 

THE PACKING INDUSTRY. 

PROCESSES INVOLVED. A brief summary is here given of 
the various processes involved in a modern packing house, and the 
waste products which may accrue. The information is obtained. 
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in part from ' ' The Modern Packing House, " by F. "W. Wilder, from 
the "History of the Union Stockyards," by W. Jos. Grand, and 
largely from conversations with various superintendents and officials 
in Packingtown. The subdivision of the industry is carried out in 
toto by most of the larger houses. The smaller houses curtail in ac- 
cordance with their size. The operations vary with the kill, whether 
of cattle, hogs or sheep. Edible and inedible products are sharply 
distinguished. Material from catch-basins is classed as inedible, par- 
ticularly where human sewage has entered. 

CATTLE PACKING. 

KILLING. In the killing room the cattle are slaughtered, the 
beef going to the coolers. The hides are piled on trucks and run 
to the cellar. The ofEal is collected from the killing floor and dis- 
tributed as follows : 

1. Blood to fertilizer house. 

2. Fats to oil house. 

3. Casings cleaned and packed. The smaller houses sell their 
casings to several specialty men. 

4. The tripe is cleaned and sent to the tripe room. 

5. Livers, tongues, hearts, etc., are trimmed and sent to the 
cooler. 

6. Heads and feet to the bone house. 

7. The paunch manure is gathered up and pressed. At one 
time many houses burned it in their furnaces. Now it is shipped 
away and sold for manure., Some escapes in the sewers. 

8. Miscellaneous scraps to the tank. house. 

HIDE CELLAE. The hides are cured with salt in piles or packs 
in a cellar. These are kept as tight as possible to avoid shrinkage. 
Before packing the loose ends are trimmed off, and sent to the glue 
factory. 

OIL HOUSE. The tallow is rendered in tanks under 40 lbs. 
steam pressure. If high colored it is inedible, hence this is kept as 
small in amount as possible. ' ' Oleo ' ' is made by macerating the fats, 
then cooking at moderate heat to release all the oils without burning 
the tissue. The oil is allowed to settle, the vat is salted, then the 
oil is decanted into a clarifier and skimmed. Finally the oil is with- 
drawn into seeding trucks or vats, and after standing a short period 
is pressed through cloths. The finished product is the oleo, which 
is run into receiving tanks, and the stearine, which remains in the 
filter cloths being used in compound lard. There is usually a scrap 
vat in the oil house, which is skimmed, the balance of the solid mat- 
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ter being sent to the tank house. The "oleo" is used in making oleo- 
margarine. 

BUTTEEINB HOUSE. Butterine, or oleomargarine, is made 
from the oleo or fat, mixed with milk or cream. The mixture is 
sterilized, then seeded with a butter culture of selected bacteria, and 
ripened into butterine. 

TANK HOUSE. The tank house is equipped with a number of 
digesters in which all the offal from the various houses is cooked 
at 40 lbs. steam pressure to disintegrate the organic matter and 
liberate the grease. The residue is pressed and dried, being sold as 
"tankage" for fertilizer. The tank water is condensed steam from 
the cooking, and is rich in the sediments and juices of the material 
worked over. It is evaporated into "stick." The press water is 
also evaporated. If these liquids are stored for any length of time, 
steam coils are used to keep them hot and sweet, as well as to pro- 
mote the separation of th^ fat. 

Concentrated tankage, as sold, is made from the stick, mixed 
with blood, a small amount of crude sulphuric acid, and a chemical, 
so-called, containing iron sulphate and manganese. The mixture is 
dried in ovens or on a steam heated roller, broken and ground. 
Sometimes the tank waters are stored in vats at 180 degrees Fahr. 
for 24 hours. The grease is skimmed, then copperas is added. After 
a second skimming the liquor is evaporated, the stick is mixed with 
tankage (picked to pieces) and the mass dried. 

CASINGS. Casings consist of the round or small guts, middle 
or large intestines, bungs, weasands, and bladders. They are saved 
from cattle, hogs and sheep. After washing in clear water, they are 
cleaned of their contents by hand or machine, and measured into 
sets. They are then salted and drained for a day, and, after being 
resalted, are packed in barrels for shipment. They should be kept 
moist. The offal from the removal of fat and pieces of membrane, 
as well as the cleanings, can be rendered to extract the grease. The 
wash waters contain a deal of suspended matter. 

FERTILIZER. The various materials which are sold as fertil- 
izer may be treated in the fertilizer house, before final shipment. 

1. The blood from the killing floors is coagulated in vats by 
cooking. The water is drained off, the residue pressed and dried. 
The cake may be ground and screened. The blood and concentrated 
tankage are high in ammonia. 

2. Ordinary tankage. This is the residue from the cooking and 
pressing of the finished products. The cakes are picked to pieces 
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or broken up by machine, then dried, and sometimes ground and 
screened. 

3. Bone meal, or ground steam bone, are covered by the term 
"bone phosphate.'' 

TRIPE EOOM. The "tripe" is the muscular part of the stom- 
. ach of the cattle. In the preparation the stomachs are emptied of 
their contents, washed, scalded, scraped and boiled till tender. They 
are then cooled, and the fatty layers scraped off, leaving behind the 
"tripe" proper. This is pickled in vinegar. "Wash water and the 
cooking water come from this process. 

SAUSAGrE EOOM. Some of the -blood is used for blood sausage, 
a part for coloring head-cheese. Livers are made into liver sausage. 

BONE DEPARTMENT. To this house all the horns, skulls, 
jaws, bones, etc., are sent. Two products can be made : 

1. Hard bone. In this case the bones are cooked, at a low tem- 
perature. 

2. Steam bone. The bones here are cooked with steam in di- 
gesters to extract the glue. Neatsfoot oil may be extracted from 
the hoofs. The sinews can be turned into glue stock, by curing with 
salt. Wash waters result from the vats. 

The tips of the horns are made into bone ware, combs and other 
articles. Shank bones are used for knife handles in cheap grades 
of cutlery. Ankle and knee bones are thoroughly de-greased and 
shipped abroad for use in sugar refining. Tails are largely used 
in making ox-tail soup. 

SHEEP PACKING. 

The slaughtering of the sheep, and the other processes follow 
very closely after the cattle scheme. It is usually carried on by 
firms which handle cattle and hogs as well, so that the wastes are 
treated in the same way. 

HOG PACKING. 

On the hog killing floor, the hogs are slaughtered. The carcass 
is then scalded, scraped and shaved to remove the hair. After the 
guts and leaf lard are removed, the hog is split and sent to the chill- 
ing room. The grades and sizes are carefully assorted. 

CUTTING AND GRADING. Part of the hog is carefully trimmed 
and cut up for sale as fresh meat, the rest is pickled, dry salted or 
pickled and smoked. 

SAUSAGE ROOM. Various kinds of sausage are made from the 
pork. The fillings are packed into the casings from the casing room. 
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In a small factory, making sausage, there is mnch small offal which 
reaches the sewers. 

LARD, GREASE, ETC. The lard is refined from the leaf lard 
taken from the killing room. 

The grease collected from the various skimming basins is large- 
ly inedible. Oil is pressed out of the skimmings. The low grade fats 
are first washed with sulphuric acid to eliminate the impurities. 

HOG HAIR. Hog hair is either (1) sun dried out doors, or (2) 
cooked in large vats, run through wringers and dried by artificial 
heat. In some cases the hair is dyed. It is then baled up and sold 
to mattress manufacturers, etc. Practically no bristles are grown 
in this country. 

MISOELLANEOUS. 

ALLIED INDUSTRIES. There are several allied industries 
which may or may not be directly under the same roof as the pack- 
ing house, and its immediate adjuncts. Under this head are listed 
the canning department, the soap works, glue factory, ammonia 
works, cooperage, car shops, power house and pickle factory. 

CANNING DEPARTMENT. Here all kinds of meats are canned 
by cooking and sealing in air-tight containers. Various fancy mix- 
tures are made. Soups are also mixed. Some packers add vege- 
tables to the soups, as a filler. Others put up pickles as well. 

SOAP WORKS. In the soap works most of the inedible fat or 
oil is worked up into soap. 

GLUE AND AMMONIA WORKS. This industry is so diverse 
and so prolific of liquid wastes, as well as solid, that it is treated 
separately. 

BUTTON MANUFACTURE. From the horns and bones but- 
tons are made. These may be dyed. 

COOPERAGE, CAR SHOPS AND POWER HOUSE. Prom the 
cooperage and car shops only human excreta originates, as a rule. 
The power house, in some cases, is very large, using several million 
gallons of condenser water daily. In some plants a large portion 
of the condenser water is drawn from the catch basins. In other 
plants the condenser water is pumped back into the catch basin. 
This may, and does, create scouring velocities, washing much ma- 
terial through that should normally settle. 

PHARMACEUTICAL PREPARATIONS. From certain special 
parts various pharmaceutical preparations are prepared, as, for in- 
stance, the bile is used for pharmacopaeal ox-gall. Pepsin, pancrea- 
tin, and other material is made. 
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MANUFACTURE OF GLUE. 

The following statement of the ,processes in the manufacture of 
glue is compiled from articles in the Encyclopaedia Brittaniea, 11th 
Edition, and from Thorp's Outline of Industrial Chemistry. The 
processes described therein have been checked by conversations with 
the manufacturers in Chicago. Commercial glue can be made from 
hides, bones or fish. In Chicago hide and bone glue are the two 
varieties made. 

Hide glue is made by extracting the gelatinous material fronj 
the waste bits of hide, trimmings, fleshings and other untainted un- 
tanned refuse from the tanneries, or slaughter house waste, such as 
the ear-laps, hides, sinews, feet and tails of cattle and. sheep. The 
raw material, whether wet, or dried and salted, is washed and 
steeped in vats from 2 to 10 weeks with lime water. The lime re- 
moves all blood and flesh, forming a lime soap with the fatty mat- 
ter present. The stock is then thoroughly washed in tubs with me- 
chanical stirrers or rollers which remove the lime, lime-soap and 
dirt. The last traces of lime are removed by treating with dilute 
sulphurous acid. The excess acid is washed away. The stock is then 
ready for cooking. The kettles are open boilers with a false bottom. 
The cooking is continued to a point where a test simply cools to a 
stiff jelly. The grease and lime soaps rise to the surface and are 
skimmed off. The solid matter, consisting of hair, etc., sinks and 
forms a filter at the bottom of the tank, with excelsior placed there, 
through which the liquid is slowly drawn off through the false bot- 
tom, and a clear solution obtained. The final concentration of the 
liquor is accomplished in evaporating pans with several effects. The 
glue is passed into sheet iron molds, cooled, cut with wire. knives and 
run through drying chambers. 

The principal waste from these processes is the solid matter, 
largely lime-soap, which is discharged from the liming vats and in 
the wash water from the stirrers. Scraps, hair and other particles 
of offal work their way through with the sediment. 

BONE GLUE. Bone glue is made from bones, which may be 
supplied fresh, or after use in making soups. Fresh bones contain 
about 50 per cent, mineral matter, mainly calcium and magnesium 
phosphates, which may appear later as fertilizer and bone-meal, 
about 12 per cent, each of moisture and fat, the fat being utilized in 
the manufacture of soap and glycerine, the remaining material being 
the other organic matter which supplies the glue. 

The degreasing of the bones may be effected, first, by boiling 
with water in open vessels and skimming off the grease as it rises 



or, secondly, by treatment with steam under pressure, or, thirdly, 
by means of a solvent, such as benzine or petroleum. The de-greased 
bones are cleaned by attrition, producing a little meal. The bones 
now contain 5 or 6 per cent, of glue-forming nitrogen and about 60 
per cent, calcium phosphate. They are steamed in upright digesters 
under pressure until all the glue stock is dissolved. The glue liquor 
is then run off and clarified, and concentrated by vacuum pans, or in 
open troughs with a rotary steam coil half submerged in the liquid. 
The concentrated liquor may be bleached by sulphurous acid. It is 
then jellied and cut into sheets for drying. 

"WASTE. There would seem to be much less waste material in 
the manufacture of bone glue than for the hide glue, since lime is 
not used. The waste appears to be principally wash water, and the 
condenser water from the vacuum pans, with scraps and a small 
amount of grease. In the making of hide glue, particularly where 
liming tanks are used; much lime soap may be wasted, as well as 
the wash water from the stirrers, hair particles, etc. 

BY-PRODUCTS. In some glue houses not only is glue manufac- 
tured, but considerable amounts of fertilizer, tallow, and grease are 
made. The fertilizer niay come from the bone meal, the tankage 
, from the rendering tanks, the scraps of leather often collected from 
the tanneries, the solid refuse from the catch basins of the bone glue 
houses, etc. Tallow and grease are made, the tallow from the' suet, 
the grease from the skimming of the catch basins and the extraction 
from the rendering tanks as well as in the process of glue making. 
In some cases, the residue is collected from butchers who try out 
tallow. This is rendered, the final residue being pressed into cake, 
and sold for chicken feed. 



CHAPTER II. 



EXAMINATION OF INDIVIDUAL HOUSES. 

GENERAL. Following the preliminary tests made early in 
1911, an extended investigation was planned covering every indi- 
vidual main sewer in Packingtown, to determine the actual flow and 
the variation in amount and quality through the twenty-four hours 
of the day. 

CO-OPERATION OF UNION STOCKYARDS AND PACKERS. 
"When the object of the investigation was explained, the head of- 
ficials of the Union Stockyards and the various packing companies 
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offered to co-operate by furnishing detailed maps of their sewers 
and catch basins. They also supplied in nearly every case carpen- 
ters and laborers to install weirs at the points selected, and the 
material, as well as the lights for use at night. From the data ob- 
tained, the sewer map of the Yards and Packingtown has been 
compiled (Fig. 3). This shows all the main outlets and catch basins, 
as well as the municipal sewers. In this territory nearly a mile 
square, none of the streets have been dedicated. Sewers have been 
built in every conceivable direction, without plan, each house run- 
ning sewers as it saw fit. Consequently an under-ground network 
of pipes has arisen of which the records are faulty, although our 
compilation represents the best obtainable data. The city sewer, 
known as the Center avenue sewer, is built under easements. The 
condition of all sewers is commented on elsewhere. 

PACKING HOUSES. 

CLASSIFICATION. These may be divided into three heads: 
1. The large slaughtering establishments represented by Armour 
& Co., Swift & Co., and the like, with their aUied factories for using 
all the by-products. 2. The small establishments which slaughter 
and make a few by-products. 3. The smallest places which merely 
slaughter. 

LAEGB SLAUGHTER HOUSES. In the large factories, the 
basic operations to which possible waste may be traced may be, di- 
vided as follows : 

1. Slaughtering of steers, sheep or hogs : 

a. Contents of intestines, or paunch manure. 

b. Wash water, containing : 

1. Blood, 

2. Manure, 

3. Particles of hair, flesh, etc. 

2. Packing, covering all the processes of preparing edible pro- 
ducts. 

3. Rendering. 

4. Hides, liming or salting, and drainage from hide cellar. 

5. Hair ; the removal, washing and dying. 

6. Glue manufacture. 

7. "Wash and cleansing waters in general from floors, yards, 
pens, etc. 

SMALL SLAUGHTER HOUSES. In the small factories the 
wastes may come from : 

1. Slaughtering. 

2. Packing. 
,3. Rendering. 
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The wastes here are usually stronger. Blood is frequently lost 
in quantity, if not altogether, as well as pieces of entrail, contents 
of stomachs, etc. Some of the smallest houses do not even have 
rendering tanks. 

MANUFACTURING. The general processes carried on by the 
various houses are essentially the same, as a rule, for the larger 
houses, a brief summary being given in Chapter 1. Since the details 
vary somewhat, house by house, a compilation of the various steps 
has been made. Table 4 shows what each house normally is doing. 
Hence the sewage discharged by each house can be scrutinized more 
readily. Table 5 gives the yearly kill of hogs for the larger com- 
panies, compiled from statistics furnished by the Drovers' Journal. 

FLOW. An attempt was made to measure the flow from each 
house at the time of the collection of the chemical samples. When- 
ever possible, this was extended over 24 hours or more, to learn the 
variation in composition and the amount of the night and day sew- 
age. The smaller houses usually shut down at night, since all their 
operations can be completed in the day time, when the slaughtering 
is carried on. The larger houses frequently run a portion of their 
plant all night, and at times the entire plant. During the period of 
our test, the killing was light. Some night work was carried on. 
The night flow, however, from most of the larger houses was about 
half the day rate (table 6). 

COLLECTION OF SAMPLES. The samples were collected in 
small portions every 10, 15 or 20 minutes, according to circum- 
stances, and then averaged into 1 or 2 or 4 hour collections. In some 
cases the individual averages were analyzed. In others the hourly 
collections were averaged for 4 to 12 hours in accordance with the 
flow, and the fln^l average analyzed. The averaging was governed 
by the appearance of the sample and the flow, the effort being to 
cover as much ground as possible with each analysis, as well as to 
distinguish the peaks. 

ANALYSIS. From our present standpoint, the content of sus- 
pended matter was the most important, since it indicates the amount 
of material which can be removed more or less completely by set- 
tling. Both the volatile and fixed or mineral matter were deter- 
mined. Whenever time permitted, the oxygen consumed, organic 
nitrogen, and other standard determinations were made 'On compos- 
ite samples covering typical periods, to compare the character, of 
the discharges with city sewage. Whenever a sample showed any 
floating fat, the fats were determined. 

RESULTS OF ANALYSIS. The results of the analyses in 
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TABLE 6. 

SUMMARY OF TLOWS AND DISCHARGE OF SUSPENDED MATTER FROM 
PACKING HOUSES IN AND AROUND PACKINGTOWN. 

1911. 





8 A.M. 


to 8 P. M 


8 P.M. 


to .8 A. 


M. Total Susp. Mat 




FIRM 


Flow 

0. f. B. 


Susp. 

Mat. 

p.p. m. 


Flow 
c. t. s. 


Sus 

, Ma 

p.p. 


b. Day 
m. Ibs.dry. 


Night 
Ibs.dry. 


Remarks. 


Adler & Oberndorf,.- 


0.14 

1.62 
1.98 

2.98 
2.42 
1.55 

6!67 

0.41 

0.22. 

0.23 

0.13 

0.04 

0.51 
0.75 
0.38 
0.41 
0.20 

0.94 
1.30 

0.79 
0.71 
0.03 
0.18 
0.29 
0.20 

6.09 
0.03 

2.33 
1.61 

4.14 

4.26 

oiei 

1.87 
1.39 
1.46 

0.23 
0.55 

2.86 


432 

322 
210 

678 
835 

1487 

'654 
1408 
1128 
873 
2320 
2838 

385 

564 

1196 

2770 

1198 

930 
779 

803 

1123 

65920 

• 772 

1216 

370 

iosi 

508 

1120 
780 

938 

i264 

'620 
399 
928 

1205 

994 
257 

834 
673 


1.15 
1.17 

1.05 
1.83 
0.24 

0.02 
0.60 

0.34 
0.95 

0.0 
0.24 

1.77 
1.55 

2.16 

i!66 

18.5 
16.9 


15 
10 

15 
65 

78 

24 
29< 

llf 
20: 

'm 

96( 
19' 

22! 

■36C 

279 
155 


163 

6 1408 

3 1120 

4 5440 

4 5460 
3 6220 

iiso 

1025 
670 
540 
815 
308 

5 530 
) 1140 

1220 

3060 

656 

i 2360 
! 2740 

1710 

i 2150 

5930 

375 

476 

200 

263 
46 

) 7050 
r 3390 

! 10500 
7440 
) 14500 
11760 
1020 
2020 
3480 
,4760 

616 
381 

2799 
28974 
43660 

4240 
263 

62750 

47000 


484 
325 

436 

2880 

507 








Catch Basin (A) 

Total (B) 




43d St. (A) 

43d PI. (B) 

44th St. (C) 












Brennan Packing Co 

Chicago Packing Co 

Darling Glue Factory 




Henry Guth 






13 
485 

106 
517 

'446 




Catch Basin (Al 

South Sewer (B) 

Independent Packing Co. . . 
Libby McNeill & Libby. . . . 
Miller* Hart ! 


/Includes only 
\cook water 






42nd St. 6/8, 9, 10 

42nd St. . 


Run "with Swifts 

test 
/Regular test. No 


44th St 


Inight flow 




Estimated flow 


Northwestern Glue Co 

Peoples Packing Co 

Pfaelzer & Sons 






for 12 hr. 
Flow only 6 hr. 


Roberts & Oake 

Siegel-Hechinger. ... ... 




Standard Slaught. Co 

Sulzberger & Sons 




Grease Sewer 


4590 
805 

1296 

ieio 

1093 

4427 

8747 

484 

13950 
7060 


/Test of June 29- 
t 30 


Red Sewer 


Swift & Co 




40th to Ashland (A) 

Do. Net 

42nd to Ashland (B) 

Do. Net 


A. Less Libby's 
B.'Less Morria* 


Packers Ave. (C) 

' 41st to Center (D) 

42nd to Center (E) 

Wool House (F) 

Western Packing Co 

Catch Basin (A) 

Wash water, etc. (B) 

Swift, 40th St 


42nd. 
Readings taken 


Halsted St 


with Libbys. 




Summation of . 




separate items 


River '. 




35th St 


27.9 
25.8' 




Ashland Ave - 


May 18, 19, 20, 

1911. 
May 16, 17, 18, 




- 




1911. 



Total pounds dry suspended solids per 24 hr. from packers 93,594. 
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every ease show a content of suspended matter higher than city 
sewage. The individual results are given house by house in the 
appendices. The results, averaged by flows, are tabulated (table 6) 
for each house. The content of suspended matter was from 5 to 50 
times higher than normal city sewage in Chicago. The content of 
oxygen consumed was also high, from 4 to 30 times that in normal 
city sewage. 

DETAILS. The details of the individual house investigation 
are noted in appendices, with a brief statement of the processes at 
each house, followed by a description of the test, tables giving varia- 
tion of flow and suspended matter, and other data collected. This 
should aid the individual plant in studying its problem. 

COMMENT. A study of the existing arrangements in the indus- 
tries themselves, for handling conditions of the kind described here- 
in, shows the importance of watching details. Careful scrutiny of 
the weak points in a house indicates that usually slightly more ma- 
terial can be retained by improving methods of handling somewhere. 
Hence, internal improvements are often as important as external, 
particularly in the case of the smaller houses. External treatment, 
, however, is also necessary. 

Several points stand out clearly as regards existing apparatus 
in Packingtown. At present none of the installations have any real 
settling or screening capacity. Practically all are designed from 
the standpoint of grease skimmers, and few are adequate even on 
that score. Considerable fat escapes to reach Bubbly Creek, even to- 
day. 

Certain interior arrangements in houses seem desirable. 

I. All roof water and clean water should be kept out of catch 
basins. 

II. Special runs should be handled direct, as, for instance, the 
paunch manure. At a large plant, like the Hammond plant, a fine 
screen on the paunch manure outlet would remove a great deal of 

■ material now passing out and practically eliminate the labor of one 
man. Tank water should be evaporated, as well as all greasy liquids 
such as escape from Hine Bros.' rendering works. 

III. More skimming area seems desirable at the plant. 

IV. More skimming area is desirable at main sewer outlets. 

V. At the main outlet a fine screen, preferably in duplicate, 
with suitable cleaning devices is requisite, in connection with a 
settling basin, preferably of the double deck type, regardless of 
whatever may be done from the grease skimming side. 
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Certain internal arrangements between the big and little firms 
might reduce the amount of material reaching the sewers, by putting 
the material where it can be handled. For instance, one small house, 
with a rendering tank, discharges tankage and tank water into the 
sewer after rendering. In another, blood is throAvn away. In an- 
other, guts and offal are flushed out at regular intervals. If such 
material be collected regularly and taken to a plant for treatment, 
considerable improvement would accrue. 

Inside the plants, care should be taken to keep material off the 
floors. For instance, in a small house careless handling of paunches 
greatly increased the amount of paunch manure reaching the floor. 
Tight containers easily reached are valuable. 



CHAPTER III. 



THE STOCKYARDS. 

GENERAL. The Union Stock Yards and Transit Co. receives 
the live stock from the railroads. The animals are driven into pens 
for inspection by the buyers, and when sold are transferred to the 
pens under control of the particular purchaser, or else removed from 
the yards. There are now some 220 acres of pens in a total area of 
500 acres. The older portion of the yards is built with wooden 
unloading platforms and runways, the newer portions being con- 
structed of concrete, both plain and reinforced. The pens are all 
floored with brick. Bach pen contains a watering trough. Every 
group of four pens, each approximately 20 by 25 feet, or an area 
of 2,000 square feet, is connected to a brick catch basin of the gen- 
eral type marked "A" in Fig. 4, of which there are over one thou- 
sand. Although a force of men is kept busy cleaning them, they 
frequently become clogged, even to the top. Formerly pens were 
used 25 by 50 feet or larger, but these have been cut up into smaller 
pens of late years. Most of the pens are open. 

. The catch basin design is very uneconomical. The settling space 
is only a small proportion of the entire volume. Once that is filled, 
the settling material will scour through. It would seem better to 
build catch basins with the overflow much higher up, of the type 
marked "B" in Fig. 4, in order to utilize fully the capacity of the 
catch basin. 

For watering the cattle and cleaning the yards about 2,000,000 
gallons of water are used daily. The manure and bedding from the 
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, pens is sold. The urine and wash water pass through the catch 
basins into the branch sewer. 

The stockyards are owned and operated by the Union Stock 
Yards and Transit Co. This company has a power plant and pump- 
ing station on Bubbly Creek, with a rapid filter plant handling water 
from Bubbly Creek, now operated to supply boiler feed water to the 
Chicago Junction Kailway. A private sewer discharges direct into 
Bubbly Creek at Morgan street, but the other -trunk sewers empty 
into the Center avenue sewer (Fig. 3). 

STOCKYARDS TESTS. The Union Stockyards and Transit Co. 
co-operated in testing the waste from the Morgan street sewer. By 
, direction of the Vice-President, Mr. Arthur G. Leonard, the superin- 
tendent of the filter plant, Mr. C. A. Jennings has worked with us 
in the matter and carried on tests in 1911 with an experimental 
settling and in 1913 and 1914 with a screening plant. Mr. Jennings, 
and his assistant, Mr. Goebel, have made all the analyses and meas- 
urements on the 1911 tests, the sludge analyses being made, how- 
ever, in the laboratory of the Sanitary District. 

EXPERIMENTAL PLANT. At the outlet of the Morgan street 
sewer, a timber box drain, 2 ft. 2 in. square, was connected to an 
orifice box, containing, a 1% inch standard orifice. An overflow weir, 
2 feet long, measured storm flows, the ordinary dry weather flows 
passing over a weir 14 inches long. The orifice discharged into a 
tank 14 ft. 6 in. long by 3 ft. wide, by 4 ft. 2 in. deep, inside dimen- 
sions, baffled to make 3 complete settling compartments, each with 
an inlet near the bottom, and an outlet over a weir at the surface. 
The capacity was 1,332 gallons. With a flow of 26,600 gallons per 24 
hours, the period in the basin was 1.21 hours. 

CHARACTER OF SEWAGE. The dry weather flow from the 
sewer, with a drainage area of aJ)proximately 31 acres, has ranged 
from 0.75 to 1.67 cu. ft. per sec, or 15.5 to 34.4 cu. ft. per sec. per 
sq. mile. The analyses show a high content of suspended matter, 
consisting largely of small particles of manure, fine dust, hay, straw, 
etc. Fresh urine from the cattle is also present. The sewage has 
a very strong acrid odor, which is very persistent. The oxygen con- 
sumed is high. Typical results are given in table 7. 

RESULTS OF TESTS. When operated with a nominal period 
of fiow of 1.21 hours in the basin, and a velocity of flow of 0.6 feet 
per minute, at the nominal flow depth, .the major portion of the 
suspended matter was found to deposit in the first third of the basin. 
The material was largely the coarser suspended matter, particles 
of hay, straw, manure, etc. The sludge deposited in the second and 
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third compartments was very fine grained, brown in color, resem- 
bling finely separated loam (table 8). The amount was compara- 
tively small, a total of 3.8 cu. yds. per Inillion gallons accumulating 
during a period of test lasting over 3 months. The percentage of 
removal of suspended matter ran from — 36.2 to -f 80.0, depending 
on the amount present and the condition of the basin. With a 
maximum of I3O8 p. p. m., 73.1 per cent, was removed. With a 
minimum of 34 p. p. m., 41.2 per cent, was removed. On the average 
with a content of 548 parts per million, 63.8 per cent, was removed. 

LABOEATORY TESTS ON SETTLING. Laboratory tests on 
settling demonstrate that most of the settling suspended matter 
drops out in the first 5 to 10 minutes of quiescent settling. 

SLUDGE. Scattered analyses (table 8) indicate a sludge some- 
what more dense than the sludges from the 39th street Sewage 
Testing Station, the proportion of volatile matter being, usually 
greater. The nitrogen content and fats average about the same. 
The sludge from the first compartment contained hair. In general, 
all this sludge had an offensive, putrid odor, entirely different from 
the material collected at 39th street. 

SCREENING. In 19l3, an endless band screen was installed on 
the outlet of the Morgan street sewer by the Union Stockyards and 
Transit Co! from the design of Mr. C. A. Jennings. This screen has 
been operated almost continuously since, various meshes and 
punched plates being tried. The results of the tests made by the 
Sanitary District are given in Chapter XI. The removal of sus- 
pended matter does not appear to be as great as by sedimentation. 

CONCLUSIONS. If the sewa,ge of the Stockyards proper be 
treated separately, settling basins should be built given a nominal 
settling period of at least 1 hour for the higher dry weather flows. 
Sludge storage for at least 4 eu. yds. per million gallons flow should 
be provided, with a period of at least 8 days, and better, 2 weeks, 
if arrangements are made for carefully avoiding any septic action, 
by cleaning very frequently. The sludge should drain readily, and 
after pressing can probably be burnt. The analyses show a low ni- 
trogen content, so that utilization for fertilizer is doubtful. The 
appearance is also against this use. It is, htowever, better to build a 
shallow doubleTdeek tank to aid in retaining settled matter, and ob- 
tain thereby cleaner effluents. By enlarging thfe sludge storage in a 
double deck tank, digested sludge can be had. 

Fine screening is also effective but will not remove as much of 
the suspended matter as sedimentation. It would, therefore, seem 
desirable to use a combination of fine screening and settling. 
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CHAPTER IV. 



DESCRIPTION OF TESTING STATION. 

GENERAL. The original plant, built in 1912, consi.sted of a 
grit chamber, two settling tanks of the Dortmund and Emscher 
types, respectively, and six sludge filters, together with accessory 




Plate 1. Center Ave. Testing Station from North. 

pumping and controlling apparatus. During 1913, extensive addi- 
tions were made, including a motor driven rotary screen, apparatus 
for determining the loss of head through screens of various mesh, a 




Plate 2. Center Ave. Testing Station from South. 
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second tank of the Dortmund type, apparatus for the application of 
chemicals to the sewage as an adjunct of tank treatment, a sludge 
press, a sprinkling filter and secondary settling basin. Additional 
pumping capacity was also provided. The general arrangement of 




Plate 3. East Arm of South Fork of South Branch of Chicago River. 

Note. View taken from Racine Ave. bridge looking East. Grease skimming 



basins in foreground, at outlet of uenter Ave. sewer, 
power house in background . 



U. S. & T. Co. 



the final plant is shown in Figs. 5 and 6, and in the accompanying 
illustrations, Plates 1, 2 and 3. 

SUPPLY OF SEWAGE. Sewage flows by gravity through a 
six-inch tile pipe from the Center avenue sewer, at a point about one 
foot above the invert, and discharges through a six-inch shear gate 
into a concrete channel in tbe pump well. Any surplus over pump- 
age discharges over a waste weir at one side of the channel into a 
drain to the river. All sewage pumped passes through a screen, in- 
clined at an angle of 30 degrees with the horizontal in the direction 
of flow, composed of %-inch roiind bars set with %-inch clear open- 
ings. The screen is 9% inches wide. It was cleaned from time to 
time with a rake. A vertical centrifugal pump with a rated capacity 
of about 250,000 gallons per day discharges through a 4-inch force 
main with branches to the grit chamber and screen house. The 
pump is direct connected to a 3-| h.-p., 3 phase, 60 cycle, 220- 
volt induction motor running at a speed of approximately 850 r. p. m. 
located in a small wooden shed covered with corrugated galvanized 
iron built directly over the pump-well. This arrangement keeps the 
motor and controlling switch dry and in good working order at all 
times, with excellent operating results. The pump works against a 
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maximum static head of about 19 feet, and, being always sub- 
merged, requires no pritaing device or foot valve. 

In order to operate the rotary screen at a high rate without 
shutting down the rest of the plant, a 2i/^-inch Morris horizontal 
centrifugal pump was provided, of a nominal capacity of 260,000 
gallons per day at 720 r. p. m., connecting with the force main of the 
original installation for flexibility of operation. The pump is belt 
connected to a 3 h.-p., 60 cycle, 3 phase induction motor, with a speed 
of 1,800 r. p. m., mounted on the floor of the motor house. 

GEIT CHAMBER. One branch of the force main discharges 
into a stilling basin built of a half barrel, carried by the trestle sup- 
porting the grit chamber. As the speed of the motor is constant, the 
pumpage is regulated by a valve in the force main. The stilling 
basin feeds the grit chamber proper through a 4-inch pipe, entering 
at the bottom near one end. The grit chamber is of tank construc- 
tion, of 2-ineh stock, 20 ft. 6 in. long, 6 in. wide inside, varying uni- 
formly from a depth of 19 in. at the inlet end to 13 in. at the outlet. 
Sludge is removed when cleaning through a 4-inch waste pipe and 
valve near the inlet end. 

During November, 1912, a thick, greasy scum persisted on the 
surface of the grit chamber. To retain this, a scum board was 
placed 6 in. from the outlet, dipping about 2 in. below the surface 
of the sewage. Ordinarily the surface of the sewage is about 2% in. 
below the top of the chamber, giving a capacity of about 87 gallons. 
The effluent flows through an open wooden flume, 6 in. square inside, 
to the controlling apparatus. 

CONTROLLING APPARATUS. The controlling apparatus is 
housed in a two-story frame building, covered with corrugated gal- 
vanized iron, 8 ft. by 10 ft. in plan. The flume from the grit cham- 
ber enters the second story and discharges directly 'into the main 
orifice box, of standard tank construction, containing three compart 
ments for vertical orifice plates, on which the head is maintained 
practically constant by a waste weir extending the entire length 
of the orifice box. The surplus sewage passes through a 3%-in. pipe 
overflow to the floor below. The orifices are always operated sub- 
merged, the effective head being regulated by adjustable brass weirs. 
The orifice compartments discharge directly into open wooden 
flumes, 31/2 in. wide inside, leading to the various tanks. All waste 
from the overflow pipe is measured by an orifice box, containing 
three 1%-in. horizontal circular orifices, the head being read hourly 
to determine the total amount of sewage passing the grit chamber. 

OLD DORTMUND TANK (TANK D). This tank, located iust 
east of the control house, is a circular wooden tank (Fig. 7), with an 
inside diameter of 10 ft. and a total depth of 15 ft. 21/2 in- below the 
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flow line, substantially built of fir staves 1% in. thick. Sewage 
enters at the center of the tank through a 3-inch pipe, increasing 
to a 5-in. diameter at the discharge, 4 ft. 9 in. above the bottom. 
The effluent is skimmed off by a pipe ring near the outside of the 
tailk, through 16 adjustable upstanding l^^-in. nipples, equally 
spaced. 

Sludge is removed from the bottom of the tank by a 5-in. pipe 
controlled by a valve. Ample head to maintain the flow of sludge 
is available. The hopper bottom is built up with 4 in. by 12 in. 
partition tile laid in cement mortar, plastered over with concrete 
and mortar to form an inverted cone with a slope of 45 degrees. 

At the start considerable trouble was caused by the formation 
of a heavy scum on the surface, portions of which passed off with 
the effluent. To retain scum, a circular sheet-iron baffle was installed 
just inside the effluent ring on November 9, 1912. The settling ca- 
pacity of the tank above the top of the cone is 6,120 gallons, while 
the sludge capacity of the hopper portion is about 980 gallons. 

NEW DOETMUND TANK (TANK C). The new Dortmund 
tank, located south of the control house, is similar in construction to 
the old tank, although somewhat smaller (Fig. 7), being 7 ft. 8 in. 
internal diameter, and 9 ft. 2 in. deep below the water line. The 
conical bottom is steeper^ having a slope of 60 degrees with the hori- 
zontal, and the influent pipe is provided with a 15-in. conical dis- 
tributor. The effluent is collected through a pipe ring with 16 up- 
standing li/2-in. nipples, protected by a circumferential scum baffle 
just inside the effluent ring. Sludge is removed through a sludge 
discharge pipe controlled by a valve, as in the old tank. There is a 
sludge storage capacity to the bottom of the inlet pipe of about 293 
gallons, and a settling capacity above this height of 1,453 gallons. 

EMSOHEE TANK (TANK B). This tank (Fig. 8), located 
north of the control house, is built of 2%-in. fir staves, with an in- 
side diameter of 9 ft. and has a total depth below the flow line of 
17 ft. 

Originally, the tank was of the radial flow type, with an upper, 
or settling chamber and a lower or sludge digestion compartment. 
Sewage entered at the center through a small pipe ring, with eight 
outlet nipples, passing radially downward and under a baffle, and 
rising to the peripheral effluent ring. The settling solids, passing 
into the lower compartment, were automatically trapped. A central 
gas vent provided for the escape of the gases of decomposition. In 
March, 1914, the tank was remodelled into a horizontal flow tank. 

The original tank had a settling capacity of about 2,240 gallons 



36 




37 

and a sludge capacity of 4,160 gallons, — a ratio of 1 to 1.85. In the 
remodelled tank, the settling capacity was reduced to 1,190 gallons, 
increasing the sludge storage to 4,390 gallons. This gives a ratio of 
1 to 3.69. The gas vent of the original installation was 8.8 per cent, 
of the total tank area but in the remodelled tank this was increased 
to 34 per cent. 

SLUDGE BEDS. The sludge beds, located east of the Emscher 
tank, are built up of 2-in. dressed lumber. Each of the original six 
beds was 7 ft. 9 in. square, although later several were sub-divided. 
The bottom is sloped about 2 inches from the sides toward the li/4-in. 
underdrain at the center. The filtering material consists of approxi- 
mately 5 inches of graded gravel overlaid by 1 to 2 inches of tor- 
pedo sand. The total height of beds above the sand layer is two feet. 

SCREEN HOUSE. The rotary screen, loss of head apparatus, 
and the motor and pump controlling the lime feed in the chemical 
precipitation experiments are housed in a one-story wooden frame 
building, covered with corrugated galvanized iron 12 ft. by 20 ft. in 
plan, located just south of the grit chamber. Sewage for the screen- 
ing experiments is supplied through a 4-in. pipe, to the main orifice 
box, provided with a horizontal orifice plate, a constant head being 
maintained by a 3^-in. overflow nipple, the surplus passing to the 
waste drain. The orifices feed into a galvanized iron can directly 
to the rotary screen or loss of head apparatus, as desired. 

ROTARY SCREEN. The rotary screen (Fig. 9) is cylindrical 
in shape, 4 ft. 8 in. long with an effective diameter of 2 ft. 4 in., 
built upon a frame of 1%-in. pipe and fittings, kept in shape by 
bands of strap iron bolted on. The frame is covered with a brass 
screen of 1-in. mesh, supporting the fine brass screen with approxi- 
mately 30 meshes to the lineal inch. The whole is mounted on a 
horizontal shaft, running in bearings set on "A" frame supports, 
driven by a 1 h.-p., 3 phase induction motor, geared down to about 
seven revolutions per minute. 

The raw sewage enters the screen at one end through a 4-in. 
pipe. Screened sewage drops into a waste can of galvanized iron 
mounted below, discharging into the drain. A spiral conveyor of 
galvanized iron, 4 in. wide, is mounted inside the screen and pushes 
the material screened from the sewage toward the outlet end, where 
it is picked up in elevating buckets, discharging into a hopper for 
removal. ^ "Water was used to clean the screen and prevent clogging. 
A more detailed description of the methods of cleaning will be 
found, however, under the record of screen experiments. 

SPRINKLING FILTER. The sprinkling filter is located east of 
the new Dortmund tank, and was built almost entirely in cut to 
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secure the necessary head for operating the nozzle by gravity. The 
filter is 14 ft. 9 in. square inside, built up of 2-in. dressed lumber 
thoroughly braced and tied together with iron bolts and tie rods, 
and surrounded by a galvanized iron wind shield 3^^ ft. high. The 
underdrains are made by channels formed of 2 by 6 in. timbers 
standing on edge, with sloping concrete bottoms between, draining 
to a central effluent channel. A false bottom of 2 by 4 in. lumber, 
spaced 6 in. on centers, rests on the effluent channels. The filter is 
so constructed that the under drains may be either left open at the 
ends for aeration or closed. The filtering material consists of 6 
inches of 2 to 4 in. stone overlaid by 5 ft. 6 in. of V/i to 2-in. stone.- 
Considerable difficulty in securing suitable stone was encountered, 
thorough washing being necessary to remove the large amounts of 
dust present. 

The filter receives the effluent from the Emseher tank, measured 
by an orifice box on the second floor of the control house, containing 
a screen with 12 meshes to the linear inch, which catches any ma- 
terial tending to clog the filter nozzle. The orifice box feeds a 
storage can which provides the fluctuations in flow during the dos- 
ing cycle of the filter, supplying a filter nozzle of the Taylor type, 
throwing a circular spray. 

To secure a uniform distribution over the surface of the filter, 
the nozzle pressure is varied by rotating slightly a butterfly valve 
in the supply pipe between the storage can and the filter. This valve 
is actuated by a link motion connected to a lever, hinged at one end 
to the wall and bearing on a cam mounted on a horizontal shaft 
driven by a 1/6 h.-p. inducticin motor through a reduction gear, with 
a ratio of 900 to 1, and a chain and sprocket drive arranged to give 
a final speed of about one revolution in 5 minutes. The cam is de- 
signed to give a practically uniform distribution of sewage over the 
surface of the filter during a complete revolution. 

The filter is 14 ft. 9 in. square, having a superficial area of 0.005 
acre, but as the nozzle throws a circular spray, the effective area is 
taken at 0.004 acre. 

SECONDARY SETTLING BASIN. At the start the effluent 
from the filter was discharged without further treatment. But as 
the suspended matter was uniformly high, a secondary settling basin 
was placed in service, November 25, 1913, built of galvanized iron 
3 ft. in diameter, with an effective depth of 5 ft. 9 in. The bottom is 
conical, sloping at an angle of about 48 degrees with the horizontal 
toward a central sump 6 in. deep and 9 in. diameter. The effluent 
is collected by a gutter around the inside of the tank, discharging 
to the waste drain. The basin is operated on the vertical flow plan, 
the filter effluent entering by a l^^-in. pipe at the center and thence 
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rising to the effluent gutter. The inlet pipe originally entered 2 ft. 

5 in. below the flow line, but was increased in length to 3 ft. 7 in. 
when the rate on the filter was increased in April, 1914. 

CHEMICAL PRECIPITATION. Experiments on the chemical 
precipitation of sewage, begun during the summer of 1913, neces- 
sitated special apparatus. Lime being one of the precipitants em- 
ployed, a circular wooden tank 4 ft. 8 in. inside diameter and 3 ft. 

6 in. deep inside, was erected just east of the screen house for mix- 
ing purposes, the lime being applied in the form of milk of lime. 
The solution is agitated by a stirring device consisting of two pad- 
dles mounted horizontally, belt driven through a worm and gear 
by a 1 h.-p. induction motor, which also drives a l^-in. centrifugal 
pump which elevates the solution to the point of application. Both 
pump and motor are placed in the screen house. 

The precipitant is hand mixed in two barrels holding about 50 
gallons each, feeding directly to the regulating device by gravity. 
The rate of application of the chemicals is controlled by galvanized 
iron orifice boxes, containing thin brass tubes with holes in the 
sides of proper size, the tubes passing through rubber stoppers in 
the bottoms of the boxes. The head on the orifices is varied by slid- 
ing the tubes up or down through the rubber stoppers. As the con- 
stant level in the lime orifice box is maintained by an overflow, the 
lime is kept in suspension by a large pumpage, the excess returning 
to the solution tank. A float valve maintains a constant level in the 
orifice box for applying the other precipitant, iron sulphate or sul- 
phate of alumina. The ordinary ball float valve employed at first did 
not prove sensitive enough to secure uniform application with the 
small flow required. A valve devised by Mr. C. A. Jennings, for use 
with hypochlorite solutions, was accordingly secured made of hard 
rubber, similar in principle to the ordinary type of float valve, but 
much more sensitive to small flows. This gave a very uniform ap- 
plication. 

At first the chemicals were added to the sewage in the trough 
leading from the main orifice box to the tank,. the period of mixing 
being very short, with a travel of less than 10 feet. More thorough 
mixing of the lime with the sewage proved desirable, and a mixing 
trough was built approximately 10 ft. long by 4 ft. wide, and 10 in. 
deep, built up of matched boards, and baffled inside to give a total 
distance of flow of about 100 feet. 

MISCELLANEOUS. Experiments on loss of head through 
screens, pressing of sludge and rate of settling under quiescent con- 
ditions were also made. The special apparatus required for this 
work is described in detail under the individual experiments. 
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CHAPTER V. 



CRUDE SEWAGE. 

J^liYSICAL APPEARANCE. The day sewage at the outlet of 
the Center avenue sewer is a deep greenish brown color, high in 
gross as well as colloidal suspended matter, with a strong disagree- 
able odor suggestive of fertilizer, entirely different from the very 
slight dish-water odor of the comparatively weak domestic sewage 
received at 39th Street pumping station. Much fatty material occurs 
during the daytime, a heavy scum forming on the surface of the 
slip, as the discharge is checked in velocity and cooled by the river 
water. The night and Sunday flow is light in color, low in suspended 
matter, and comparatively free from objectionable odor, and thus is 
an entirely diiferent sewage, more nearly resembling that of domes- 
tic origin. 

SAMPLING. A comprehensive system of sampling was fol- 
lowed. Hourly portions from the different devices were taken and 
composites "analyzed. Owing to the marked difference in strength 
between the day and night' sewage, separate composites were first 
made on crude sewage only, covering the hours between 8 A. M. and 
8 P. M., and 8 P. M. and 8 A. M., these being designated hereafter 
as the ' ' day ' ' and ' ' night ' ' sewage. On and after January 1, 1913, 
this division of the sampling period was extended to the grit cham- 
ber and tank effluents, on the basis of 7 A. M. to 10 P. M., inclusive. 
As the result of further analysis of individual hourly samples indi- 
cated that a division of the day and night flow was more representa- 
tive between the hours of 8 A. M. and 10 P. M., the day sampling 
schedule was again changed in February, 1913, and continued to in- 
clude the hours between 8 A. M. and 10 P. M. In sampling the 
tanks and other devices, due allowance has always been made for 
the theoretical detention period, the hours noted above being fol- 
lowed for the crude sewage. Weighted averages of the day and 
night samples to give the average composition for the entire 24 hours 
were also made. Since Feb. 1, 1913, bi-daily samples have been 
analyzed, and as there is little difference between the crude sewage 
and grit chamber effluent, analyses of the former have been omitted 
since January 1, 1914. 

Table 9 shows the monthly average analyses for the day, night 
and 24-hour samples. Owing to the marked difference in eomposi- 
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tioQ ])etweeii tlie Sunday and week-day flow, analyses o.f the former 
have been ondl;ted fro.m the day and 24-hr. figures in order to indi- 
cate more clearly the true strength of the week-day sewage. The 
24-hr. samples are somewhat misleading in that they are based on 
equal portions taken throughout the entire day, while the flow in 
the sewer actually fluctuates widely during the 24-hr. period and is 
greatest at the time when the sewage is strongest. The average 
composition, Weighted for variation in flow, would therefore show 
a somewhat stronger sewage than does the table referred to above. 
In order to clearly emphasize the unusual character of this sew- 
age, several tables are inserted for comparative purposes. Table .10 
indicates the average composition of the day sewage at Center Ave. 
by months, compared with that of the sewage received at the 39th 
St. pumping station. The great differehce in strength between 
the two as measured by the content of organic nitrogen, oxygen 

TABLE 11. 

ANALYSES OF SEWAGE OF VARIOUS AMERICAN CITIES AND DAY SEWAGE 

AT CENTER AVE. 





Parts per Million. 


' 


Boston* 
1905-7 


Colum- 

bust 

1904-5 


Water- 
buryt 
1905-6 


Glo- 
vers- 
ville 

T 

1908-9 


Wor- 
cester 
1908 


Chicago 

(39th St.) 

1909-12 


Chicago 

(Center 

Ave.) 

1913 Day 
Sewage 


Nitrogen as: 
Organic Nitrogen 
Free Ammonia. . . 
Nitrites 


9.1 
13.9 
0.0 
0.20 
56p 
2300L 

135 
91 

44 
125 


9.0 
11.0 
0.09 
0.20 
,51p 
65 

209 

79 
130 
350 

25 


14.8 
7.8 
0.14 
1.52 

46f 

48 

165 
115 

50 

41 

26 


23.0 
12.0 
0.38 
0.88 
95ff 
158 

406 
229 
177 
233 
48 


22^2 

117 " 
57 

258 

166 

92 


7.8 
9.1 
0.10 
0.33 

43 

40 

144 

90 

54 
212 

23a 


79 
22 
0.49 


Nitrate 


3.04 


Oxygen Consumed. . 
Chlorine 


268 
1100 


Suspended Matter : 
Total 


605 


Volatile 


461 


Fixed 


144 


Alkalinity 

Fats. . . 


291 
198aa 









* From Winslow and Phelps, "Investigation on the Purification of Boston Sewage in 
Septic Tanks and Sprinkling Filters, Technology Quarterly, Vol. XX, No. 4, p. 410, Dec, 
1907. 

t Geo. A. Johnson, Report on Sewage Purification at Columbus, O., pp. 26, 34. 

i From Gavin Taylor, Waterbury Sewage and Its Septic Action, Eng. News, Vol. 
61, p. 59. 

p Sample immersed in boiUng water for 30 minutes. 

F Sample boiled for 5 minutes. 

L Chlorine from Water Supply Paper No. 185, (U. S. Geo!. Survey), pp. 111-114. 

T Eddy and Vrooman, Report on Sewage Purification, Gloversville, N. Y., p. 59. 

a Four months. 

aa One week in Mar., 1914. 
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consumed, and suspended matter is at once apparent. Table 11, 
compiled from various sources, gives the average composition of 
sewage of various American cities. With the exception of Glovers- 
ville, which is sewered almost completely on the separate system, 
and Worcester, with somewhat more than half the sewers on the 
separate plan, the sewer systems of these cities receive both do- 
mestic sewage and storm water. The strength of sewage at Glovers- 
ville is considerably increased by the presence of large amounts of 
tannery wastes, and in this respect more closely approaches the 
sewage received at the Center Ave. testing station. The Worcester 
sewage also is to some extent influenced by manufacturing wastes, 
whereas the sewage of the other cities is essentially domestic in its 
origin. The great influence of. the wastes from the Stockyards and 
Packingtown is clearly shown, making the day sewage extremely 
high in organic content and of unusual strength, wholly unlike the 
sewage of American cities not containing large amounts of trade 
wastes. 

HOURLY VARIATIONS IN STRENGTH. The wide differ- 
ence between the day and night flow has already been noted. The 
suspended matter in the day sewage is 4 to 5 times higher than in 
the 39th St. sewage, and the organic nitrogen and oxygen consumed 
are even greater. On the other hand, the night sewage is compara- 
tively weak, resembling the 39th St. sewage closely in content of 
suspended matter. The results of the first three months of operation 
are somewhat misleading, as the last of the heavy day sewage was 
included in the night sample, thereby increasing slightly its appar- 
ent strength. With the more accurate sampling periods adopted in 
1913, the difference between the day and night flow is sharply ac- 
centuated. The hourly variation in strength may be traced closely 
by the averages of a series of samples, covering 4 hour periods, taken 
between September 16 and 26, 1912 (table 12) : 



TABLE 12. 

CRUDE SEWAGE. HOURLY VARIATIONS IN SUSPENDED MATTER. 





12 

Mid. 

to 

3 A.M. 


4 
A.M. 

to 
7 A.M 


8 
A.M. 

to 
11 A.M. 


12 

Noon 

to 

3 P.M. 


4 
P.M. 

to 
7 P.M. 


8 
P.M. 

to 
11 P.M. 


Average 








Parts 


Per MilUor 


. 






Total 

Volatile .. 
Fixed .... 


123 ■ 

81 
42 


31« 

240 

76 


608 

470 
138 


785 
614 
171 


717 
557 
160 


287 

193 

94 


473 
359 
114 
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The hourly variation of the 39th Street sewage is much less, a 
series of tests conducted on January 25 and 26, 1911, showing a 
minimum of 105 and a maximum of 151 parts per mil. of suspended 
matter. 

DAILY VARIATIONS. Owing to the general cessation of 
work in the Yards on Sunday, the Sunday sewage varies little 
throughout the entire 24 hours and is similar in composition to the 
night sewage on week days. The monthly averages for Sundays 
are indicated in Table 13. Some fluctuation in strength throughout 
the week appears ia the daily analyses but in general these follow 
no regular cycle, and are probably due not only to actual differences 
in strength from day to day, but also, to a certain «xtent, to un- 
avoidable errors of sampling. 

TABLE 13. 

CRUDE SEWAGE AT CENTER AVE. TESTING STATION. 
MONTHLY AVERAGE ANALYSES OF SUSPENDED MATTER ON SUNDAYSi 



Date 



Parts per Million 



Day Sample 



Total Vol. Fixed 



Day & Night Sample 



Total. Vol. Fixed 



Remarks. 



m 1912 

October 

November. . . 
December. . . 

1913 

January 

February. . . . 

March 

April 

May 

June 

July 

August 

September. .. 

October 

November. . . 
December. . . 

Av. 1913. . . . 



210 
135 
175 



214 
174 
175 
148 
201 
196 
216 
238 
163 
232 
300 
256 



200 
117 
122 



127 
102 
120 
102 
137 
151 
130 
154 
145 
175 
227 
193 



10 
18 
53 



87 
72 
55 
46 
64 
45 
86 
84 
18 
57 
73 
63 



148 
125 
153 



224 
151 
187 
133 
189 
151 
238 
171 
212 
184 
221 
203 



123 

97 

110 



132 
89 
123 
88 
123 
110 
127 
111 
143 
138 
163 
150 



25 
28 
43 



92 
62 
64 
45 
66 
41 
111 
60 
69 
46 
58 
53 



Day Samp. 8 a.m. to 7 p.m. Inc. 



Day Samp. 7 a.m. to 10 p.m. Ino 
"8 a.m. to 10 p.m. Inc 



209 



147 



62 



189 



125 



64 



The fluctuation in- strength is usually greater in the night sam- 
ples, probably because the flow of heavy day sewage may extend 
longer into the evening than usual, some being included in the night 
sample. 

SEASONAL VARIATIONS IN STRENGTH. The monthly 
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averages indicate the sewage to have a maximum strength during 
the fall and early vrinter, falling off to a minimum in April. The 
figures for the day sewage in 1912 are not strictly comparable with 
the other analyses, owing to the different period of sampling. In 
the investigation of the individual packing houses during the sum- 
mer of 1911, the volume of slaughtering was found to vary consid- 
erably with the seasons (Fig. 2), the maximum kill being reached 
in the fall and early winter, with the minimum in the spring or 
summer. The strength of the sewage varies in the same way, the 
seasonal fluctuations following roughly the amount of slaughtering 
and packing in the packing houses. 

ORGANIC NITROGEN. The amount of organic nitrogenous 
matter is extraordinarily high, as shown by the organic nitrogen 
content. The average for the domestic 39th St. sewage during the 
years 1909 to 1912 has been 7.8 p. p. m., whereas the sewage received 
at the Center Ave.. testing station has varied from 70 to 127 p. p. m., 
based on monthly averages, while the results on individual days have 
rarely been much below 70, and frequently have exceeded 140. Un- 
doubtedly, a considerable portion of this nitrogenous matter is 
highly putrescible, increasing the potentialities for offense. 

FREE AMMONIA. The free ammonia is somewhat higher than 
at 39th St., although in much smaller proportion than for the organic 
nitrogen. The area tributary to the Center Ave. sewer is small, 
and the period of flow short. The sewage, therefore, is compara- 
tively fresh, with little decomposition of the nitrogenous matter. 
The sewage received at 39th St. is not so fresh, as the drainage 
area is large and the period of flow in the sewers considerable. Cer- 
tain wastes discharged from Packingtown are high in ammonia. 
Ammonia, however, is recovered from some of the animal residues. 

NITRATES AND NITRITES. Nitrites and nitrates' are both 
high, although fluctuating considerably from day to day, possibly 
because of the use of saltpeter in curing and preserving. It is 
hardly probable that any organic matter is nitrified in the sewer. 

OXYGEN CONSUMED. The sewage is very rich, not only in 
organic nitrogenous wastes, but also in material ' easily oxidizable 
in an acid solution of potassium permanganate. The determination 
was made by digesting for 30 minutes over the steam bath. The day 
sewage has averaged from 6 to 8 times as high in oxygen consumed 
as the 39th St. sewage. 

CHLORINE. The chlorine content ordinarily serves as an in- 
dex of the strength of a sewage. The abnormally high chlorine 
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here found masks the significance of this determination, because of 
the mixture of great quantities of animal urine with the wastes from 
the hide cellars and other processes where salt is used. 

ALKALINITY. Glue is manufactured from the scraps of hide 
and other refuse at a few of the larger packing houses. From this 
comes large quantities of lime to increase the alkalinity of the 
sewage above that at 39th St. 

TOTAL SOLIDS. Total solids (table 14) were determined only 
during a six-day run in January, 1913. For comparative purposes 
the suspended matter for the same period is included. About twenty 
per cent, of the total solids are in suspension. At 39th St. from 
October 5 to November 28, 1910, the total solids averaged 580 
p. p. m., of which 47 per cent, was in suspension. 

TABLE 14. 

TOTAL SOLIDS AND SUSPENDED MATTER. 

(Day Sewage 7 A.M to 10 P.M.) 

Parts Per Million 





Date 
1913 


Total Solids 


Suspended Matter 




Total 


Volatile 


Fixed 


Total 


Volatile 


Fixed 


Jan. 4. 
6. 

7.. 
8.. 




3838 

3326 " 

3212 

3416 

3100 

3886 


1370 
1230 
1580 
1988 
1502 
1820 


2468 
2096 
1632 
1428 
1598 
2166 


530 
600 
560 
740 
720 
850 


470 
440 
470 
630 
620 
630 


160 

160 

90 

110 


9.. 
10.. 




100 
220 


Average 




3480 


1582 


1898 


666 


543 


123 



The abnormally strong character of the sewage is emphasized 
by these figures. Especially interesting is the total volatile matter, 
approximately two-thirds of which is in solution. Any process of 
sedimentation, however complete, will therefore leave in the sewage 
an excessive amount of soluble organic wastes, which probably con- 
tribute very largely to the putrescibility of the liquid. 

FATS. The fat content is exceptionally high, as shown by occa- 
sional analyses (table 15). 

The ether soluble content of the 39th St. sewage is from about 
20 to 25 parts per million, less than one-tenth that of the day sew- 
age at Center Ave. Most of the packing houses endeavor to recover 
with grease skimming basins the fats escaping with the wastes from 
the different processes. These basins are small and not always 
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TABLE 15. 

CRUDE SEWAGE— ETHER SOLUBLE MATTER. 
Parts Per Miffion: 


Date, 1912 




8 A. M. to 7 P. M. 


8 P. M. to 7 A. M. 


Nov. 30 

Deo. 2 

3 

4 

5 




... 317 
230 
124 
343 
210 


99 
120 
122 
279 
106 


. 6 

7 




233 
246 


118 
107 


1914 


8 A. M. to 10 P. M. 


11 P. M. to 7 A. M. 


Mar. 20 to 21. 




185 


23 


23 to 24. 




208 


29 


25 to 26. 




202 


49 











receive adequate attention, so considerable amounts of fat reach the 
sewer, in fact, sufficient to make it profitable to the packers to main- 
tain skimming basins at the main outlet of large plants. 

VOLATILE AND FIXED MATTEK. In the high content of 
suspended matter the volatile portion is unusually large, on the day 
sewage averaging from 71 to 83 per cent, of the total suspended 
matter, based on monthly averages, being somewhat higher in winter 
than in summer. The night sewage has shown a somewhat smaller 
proportion of volatile matter, averaging 60 to 70 per cent. For 
the years 1909 to 1912; the 39th St. sewage contained on the average 
59 per cent, of volatile matter. 

TEMPERATURE OF SEWAGE. Owing to large quantities of 
condenser water and other hot wastes, the temperature of the sew- 
age at the outlet is exceptionally high. Fig. 10 shows the mean 
daily temperature compared with that at 39th St., together with the 
mean daily temperature of the air taken from the records of the 
U. S. Weather Bureau. The sewage ranges from 5 to 20 degrees 
Pahr. hotter than the sewage at 39th St. This high temperature un- 
doubtedly has an important bearing on the treatment of the liquid. 
The seasonal variation in general ranges from about 60 degrees 
Pahr. in winter -to 90 degrees in summer. Particularly noteworlihy 
is the sharp drop of 5 to 10 degrees on Sundays, clearly indicating 
the influence of the packing house wastes, and sharply distinguish- 
ing this sewage from the 39th St. flow. Fig. 11 shows the tempera- 
tures of the sewage at 39th St. and Center Ave., the lake and air 
averaged by months. 
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ASHLAND AVE. SEWAGE. As \eomsiderable packing 
house waste enters the Ashland Ave. sewer, samples were col- 
lected for two weeks in September, 1913, under identically the same 
conditions of sampling and division between day and night flow as 
at Center Ave. The results, given in table 16, and compared with 
similar analyses for Center Ave., show the sewages at Ashland 
Ave. and Center Ave. to have substantially the same composition 
and character. The Ashland Ave. sewage is somewhat lower in 
chlorine, possibly because of the absence of any urine from Stock- 
yards drainage. 

TABLE 16. 

COMPAEATIVE ANALYSES OF CRUDE SEWAGE FROM CENTER AVE. AND 
ASHIAND AVE. SEWERS. 



PARTS PER MILLION 




NITROGEN AS 






Alk. 


1913 












CUo- 








as of 




Total 


Free 


Nitrites 


Nitrate 


Oxy. 


nne 








CaCos 












Org. 


Amm. 






Con. 




Total M 


Vol. 1 


Fixed 












DAY SEWAGE 


















ASHLAND AVE.— WKEli 










Sept. 22 


65 


19 


.16 


1.48 211 850 


830 


560 


270 


400 


24 


83 


21 


.20 


1.48 247 1000 


810 


640 


170 


340 


26 


74 


22 


.16 


1.80 265 950 


880 


600 


280 


420 


29 


69 


19 


.24 


1.46 250 880 


700 


520 


180 


330 


Oct. 1 


71 


21 


.32 


1.23 267 920 


1100 


970 


140 


320 


3. 


74 


19 


.16 


4,40 229 940 


830 


650 


180 


340 


Average 


73 


20 


.21 


1.97 245 920 


860 


657 


203 


358 










CENTER AVE.— WEEK 










Sept. 22 


77 


19 


.52 


3.26 248 1070 


690 


480 


210 


240 


24 


86 


18 


.52 


2.26 275 1060 


720 


600 


120 


320 


26 


75 


21 


.52 


2.74 282 1250 


660 


510 


150 


330 


29 


58 


18 


.40 


1.40 221 900 


450 


380 


70 


270 


Oct. 1 


68 


18 


.32 


2.09 227 850 


420 


410 


10 


240 


3 


73 


26 


.24 


1.90 262 1210 


670 


520 


150 


320 


Average 


71 


20 


.42 


2.27 252 1060 


601 


483 


118 


287 








ASHLAND AVE.— SUNDA 


Y 








Sept. 28 










172 


108 


64 




Got. 5 










188 


92 


96 




Average 










180 


100 


80 










CENTER AVE.— SUNDA' 


?■ 








Sept. 28 










100 


84 


16 




Oct. 5 










88 


72 


16 




Average 










94 


78 


16 












NIGHT SEWAGE 














ASHLAND AVE.— WEEK AND SUNDAY 








Sept. 22 


32 


16 


.06 


1.33 60 500 


272 


128 


144 


230 


24 


34 


18 


.08 


0.78 61 590 


192 


132 


60 


220 


26 


33 


19 


.12 


0.66 81 530 


360 


88 


272 


250 


28 










244 


116 


128 




29 


35 


17 


.07 


0.67 76 530 


212 


132 


80 


250 


Average 


34 


18 


.08 


.86 70 537 


258 


120 


138 


237 








CENTER AVE.— WEEK AND SUNDAY 








Sept. 22 










100 


56 


44 




24 










152 


124 


28 




26 










104 


88 


16 




28 










324 


144 


180 




29 










140 


108 


32 




Average 










146 


99 


47 
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CHAPTER VI. 



GRIT CHAMBER. 

GENERAL. Tlie purpose _of a grit chamber is to remove the 
heavy mineral matter in the sewage, especially the detritus entering 
the sewers at time of heavy storms, without causing deposition of 
organic matter, which usually can best be handled at a later stage 
of treatment. A comparatively high velocity is essential to prevent 
the settling of excessive amounts of lighter organic materials. The 
grit chamber was operated at a rate of from about 105,000 to 150,000 
gal. daily with an average flow depth of approximately 13| in 



TABLE 17. 

GRIT CHAMBER. 
Sludge Accumulation and Analyses. 





Cu. Yd. Per 






Calculated to dry Weight 






MU. Gal. 


Spec. 
Grav. 


Per 
Cent 
Mois- 




Percentage 






Date 


Since 










Ether 
Solu- 
ble 


Remarks 




last 


Since 




ture 


Nitro- 


Vol. 


Fixed 






clean- 


start 






gen 


Matter 


Matter 






ing 


















1912 




















Oct. 25 


0.016 


0.016 


1.31 


48.3 


0.72 


23 


77 


1.7 


Cleaned 


Nov. 9 


0.062 


0.028 


1.23 




0.80 






2.0 




Nov. 22. ... ; 


0.025 


0.027 


1.12 


. . .- . 


1.68 


58 


42 


2.8 




Dec. 3*. . . . 


0.000 


0.022 
















Dec. 27 


0.012 


0.021 


1.30 


44.6 


1.04 


33 


67 


2.2 




1913 




















Jan. 17 


0.032 


0.023 


1.24 


50.7 


0.88 


34 


66 


2.1 




Feb. 10 


0.026 


0.023 


1.13 


55.4 


0.88 


40 


. 60 


2.8 




Apr. 9 


0.028 


0.025 


1.50 


34.9 


0.56 


13 


87 


1.2 




May 1 


0.031 


0.025 


1.33 


50.0 


0.88 


30 


70 


1.6 




June 24 


0.017 


0.024 


1.34 


44,6 


0.64 


17 ' 


83 


1.2 




Aug. .8 


0.013 


0.022 


1.44 


39.6 


0.80 


19 


81 


0.9 




28 


0.029 


0.022 


1.34 


44.3 


0.64 


23 


- 77 


5.5 




Oct. 2 


0.018 


0.022 


1.39 


29.2 


0.56 


10 


90 


1.5 




24 


0.022 


0.022 


1.36 


47.8 


0.76 


26 


74 


1.6 




Nov. 13 


0.023 


0.022 


1.32 


49.1 


0.84 


27 


73 


1.9 




Dec. 10 


0.016 


0.022 


1.23 


54.9 


0.88 


34 


66 


1.8 




1914 . 




















Mar. 12 


0.011 


0.020 


• • • • 


.... 












Apr. 21 


0.044 


0.021 


.... 














June 26 


0.019- 


0.021 






.... 










Average 






1.31 


45.6 


0.84 


28 


72 


2.1 





* Estimated result — Sludge run out by filter attendant without measuring. 
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Making no allowance for the reduction of volume by deposits this 
variation in flow corresponds to velocities from 17 to 25 ft. per min., 
or from 87 to 125 mm. per sec, with a short detention period, vary- 
ing between 70 and 50 sec. 

SLUDGE. The grit chamber was cleaned at intervals of two 
to eight weeks, the amount of grit deposited being measured and 
sampled for analysis. These results (table 17) indicate a sludge 
of high specific gravity and low moisture content. The content of 
nitrogen and ether soluble matter was also low, approximating the 
grit chamber sludge at 39th St. The percentage of volatile and fixed 
matter varied considerably, however, at times the volatile content 
being very high for a true grit, and in general the percentage of 
volatile matter being higher than at 39th St., with the high veloci- 
ties. The sludge consisted largely of black-stained sand with vary- 
ing amounts of paunch manure and animal droppings. 

The amount of detritus was slight, averaging about 0.021 eu. 
yd. per mil. gal. With an average specific gravity of 1.31 and a 
moisture content of 46 per cent., this corresponds to a removal of 
about 3 p. p. m. of suspended matter, or less than 1 per cent., based 
on the average composition of the raw sewage. The rate of accumu- 
lation has varied between individual cleanings. The accumulation 
at the 39th St. testing station at high velocities (0.016 cu. yd. per 
mil. gal. at 142 mm. per sec), is lower than at the Center Ave. test- 
ing station, but the velocity was appreciably less, so that the results 
are not wholly comparable. 

The rate of accumulation of grit was probably less than under 
working conditions in an actual plant receiving the entire flow of 
the sewer, as the pipe supplying the testing station leaves the sewer 
at a point above the invert, and thus may not receive its propor- 
tionate share of heavy grit from the bottom. 

The sludge was simply flushed from the grit chamber into the 
waste pipe and discharged without further treatment. It was dry 
enough, however, to be handled by shoveling, and was comparatively 
inoffensive. 

EFFLUENT. The amount of suspended material removed by 
th^ grit chamber was a' very small proportion of the total suspended 
matter, and accordingly the reduction in suspended matter was 
merely nominal. Determinations of suspended matter were made, 
the monthly averages being given in table 18. The percentage re 
ductions in suspended matter are rather erratic, showing an appar 
ent increase in some months, whereas in other months the removal 
varies from 3 to 22 per cent. Tn December, 1912, to determine- 
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TABLE 18. 

GRIT CHAMBER. 
Reduction in Suspended Matter, Based on Monthly Averages. 





Suspended Matter Parts Per MU. 


Per Cent 
Reduction 




Date 


Influent 


Effluent 






Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 


1913 


Day Sewage — Sundays Omitted 










702 
660 


543 
510 


159 
150 


670 
605 


519 
455 


151 
150 


5 
8 


5 

11 


5 


Feb 





Mar 1-8; 




24-31 ' 


691 


451 


140 


626 


484 


142 


6* 


7* 


1* 


Apr 


556 


422 


134 


523 


390 


133 


6 


8 


1 


May 


658 


470 


188 


597 


450 


147 


9 


4 


22 


June 


603 


428 


175 


580 


437 


143 


4 


4* 


18 


July 


568 


428 


140 


543 


420 


123 


5 


4 


12 


Aug 


574 


413 


161 


554 


406 


148 


3 


,2 


8 


Sept 


621 


498 


123 


577 


440 


137 


7 


12 


11* 


Oct 


519 
617 


415 
481 


104 
136 


528 
556. 


420 
437 


108 
119 


3* 
10 


1* 
9 


4* 


Nov 


12 


Dee 


595 


476 


119 


502 


400 


102 


16 


16 


14 






Av. 1913. . . . 


605 


461 


144 


572 


438 


134 


6 


6 


7 




Night Sewage — Sundays Ir 


icluded. 










225 
167 


152 
117 


73 
50 


204 
150 


147 
102 


■ 57 
48 


9 
10 


3 
13 


22 


Feb 


4 


Mar. 1-8; 




24-31 


163 


116 


47 


157 


108 


49 


4 


7 


4* 




121 
238 


84 
146 


37 

82 


125 
185 


79 
122 


46 
63 


3* 
22 


6 
16 


24* 


May 


23 


June 


162 


103 


59 


156 


103 


53 


4 





10 


July 


148 


92 


56 


134 


89 


45 


10 


3 


20 


Aug 


142 


95 


47 


136 


92 


44 


4 


3 


6 


Sept 


153 


110 


43 


156 


117 


39 


2* 


6* 


9 


Oct 


128 


93 


35 


130 


92 


38 


2* 


1 


8* 


Nov. . 


148 


107 


41 


133 


99 


34 


10 


8 


17 


Deo 


165 


120 


45 


160 


119 


41 


3 


1 


9 






Av: 1913. . . 


163 


112 


51 


152 


106 


46 


7 


5 


. 10 


1912 


Day and Night (24 Hour) Sewage- 


— Sunda 


ys Omitt 


ed 




Oct 


644 
589 


518 
430 


126 
159 


669 
644 


547 
480 


122 
164 


4 
9* 


6* 
12* 


3 


Nov 


3* 


Dec 


540 


420 


120 


524 


410 


114 


3- 


2 


5 


1913 




Jan 


542 


413 


129 


517 


398 


119 


5 


4 


8 


Feb 


483 


366 


117 


446 


332 


114 


8 


9 


3 


Mar. 1-8; 




24-31 


433 


329 


104 


456 


347 


109 


5*- 


5* 


5* 


Aor 


394 
500 


296 
350 


98 
150 


375 
445 


275 
328 


100 
117 


5 
11 


7 
6 


2* 


May 


22 


June 


444 


310 


134 


432 


319 


113 


3 


3* 


16 


July 


418 


312 


106 


389 


297 


92 


7 


5 


13 


Aug 


425 


302 


123 


407 


296 


111 


4 


2 


10 


Sept 


437 


350 


87 


411 


316 


95 


6 


10 


9* 


Oct 


374 
444 


295 
343 


79 
101 


381 
401 


298 
313 


83 

88 


2* 
10 


1* 
9 


5* 


Nov 


13 


Dec 


436 


345 


91 


376 


298 


78 


14 


14 


14 


Av. 1913. . . . 


444 


334 


110 


420 


318 


102 


5 


5 


7 


Note: I 


Jay Sewage includes samples from 8 A. IV 


[. to 10 ] 


P. M. inc 


,1. 




1 


^ight sewage includes samples from 11 P. 


M. to7 


A. M. ii 


icl. 




* Denote 


s mcreas 


e. 
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whether the method of sampling caused the increase in suspended 
matter occasionally noted, samples covering 8 hr. intervals were 
taken over a period of two weeks with particular care. The average 
results on suspended matter and chlorine are shown in table 19. 
Since the same discrepancies occurred, the errors previously found 
are probably those of sampling. 

In general, a somewhat higher reduction in fixed matter was 
noticeable as would be expected, but this was not universally true. 

TABLE 19. 

SUSPENDED MATTER AND CHLORINE IN GRIT CHAMBER EFFLUENT. 

Dec. 10 to 23, 1912. 



8 A. M. TO 4 P. M. 


4 P. M. TO 12 Mid. 


12 Mid. to 8 A. M. 


Susp. Matter 


Chlorine 


Susp. Matter 


Chlorine 


Susp. Matter 


Chlorine 


Crude 


Grit 


Crude 


Grit 


Crude 


Grit 


Crude 


Grit 


Crude 


Grit 


Crude 


Grit. 


633 


668 


1044 


1063 


521 


546 


994 


961 


238 


226 


627 


627 



SCUM. About the* middle of November, 1912, a heavy greasy 
scum formed on the surface of the grit chamber. To retain it from 
passing into the controlling apparatus, a baffle dipping about 2 in. 
below the surface was installed, 6 in. from the outlet of the chamber. 
The scum collected in a cream colored mat, at times coveriag the 
entire surface of the chamber to a depth of 2 in. or more. The 
amount accumulated, summarized by months in table 20, varies 

TABLE 20. 

GRIT CHAMBER, ACCUMULATION OF SCUM. 
Pounds Per Million Gallons. 



Date 



8 a.m. to 11 p.m. | 11 p.m. to 8 a.m. | 8 a.m. to 8 a.m. | Remarks 



1912 

Dec. 

1913 

Jan. . 

Feb.. 

Mar. 

Apr. . 

May. 

June. 

July. 

Aug.. 



Oct.. 

Nov. , 

Dec. 

1914 

Jan. . 

Feb.. 

Mar. 

Apr. . 

May. 

June. 



163 

5 

12 

240 

885 

1490 

1730 

1430 

256 

28 

122 

71 



26 





32 

196 

400 

490 

416 

108 



6 





553 

633 

464 

303 

34 

47 

83 

111 

5 

12 

162 

625 

1060 

1260 

1050 

198 

18 

122 

71 



12 days 

9 days 
21 days 
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considerably, but in general is much higher in winter than at other 
seasons of the year. The variations in temperature of the sewage 
and air in part cause this. The variation in amount of killing, in 
velocity of flow through the grit chamber occasioned by deposits of 
detritus, and in the care with which the grease skimming basins 
are operated at the individual plants all affect the formation of scum 
to a certain extent. Some of these factors are seasonal, while others 
are local. The greater part of the scum collects during the daytime. 
This matter is discussed at length in Chapter XI V. 

Occasional analyses of the scum (table 21) show a very high 
percentage of volatile matter, and ether soluble material. The nitro- 
gen content is coriiparatively low. Based on the average content of 
ether soluble matter in the dry residue and on the percentage of 
moisture, about 15 per cent, of the weight of wet scum accumulated 
represents pure fat. 

TABLE 21. 

GRIT CHAMBER AT CENTER AVE. TESTING STATION. 
Analyses of Sciim. 



Date 



Specific 
Gravity- 



Percent 
Moisture 



Det Basis — Pbbcbntage , 



Nitrogen 



Volatile 
Matter 



Fixed 
Matter 



Ether 
Soluble 



Nov. 



Deo. 



1912 



15 


.... 0.74 


84.1 


' 2.64 


16 . .. 


.... 0.73 


81.0 
62.9 


2.56 


27 


.... 0.98 


1.03 


29 


1.01 


72.7 
73.4 


1.35 


4 


.... 0.99 


1.04 


13 


.... 0.99 


87.4 


1.98 


17....... 


.... 0.97 


71.1 




18 


.... 0.99 


74.3 




19 


.... 0.97 


70.7 


.... 


20 


.... 0.99 


76.7 




21 


.... 0.97 


65.0 




22 


. ... 0.98 


81.8 
73.0 




23 


.... 0.98 





91 
90 
96 
90 
91 



1913 
Feb." 26 0.97 



83.8 



1.68 



8.1 
9.4 



61.3 

60.3 

66.6 

57.4 

62.6 

65.2 

68.6 

62.3* 

66.8 

65.7 

58.1 

49.4 

56.5 



58.8 



Average 0.94 



75.6 



1:75 



92.1 



7.9 



65.6 



" With acidification 69 percent ether soluble. 
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CHAPTER Vn. 



PLAIN SEDIMENTATION IN DORTMUND TANKS. 

(Tanks C and D.) 

GENERAL. Two tanks of the Dortmund type were run as 
plain sedimentation tanks. Tank D was operated from the start un- 
til July 7, 1913, as a plain sedimentation tank. After that date, it 
was principally used for chemical precipitatioh. Tank C was started 
on June 24, 1913. 

Both tanks are similar in construction and method of operation, 
sewage rising from a central pipe some distance above the bottom 
of the tank to the effluent riiig near the periphery (see Fig. 7). 
The solid matter settles to the bottom of the tank and is removed, 
at intervals. 

The capacity of Tank D for settling above the bottom of the 
inlet pipe is about 6120 gal., and for sludge below the inlet approxi- 
mately 980 gal. As originally operated, the influent pipe in Tank G 
terminated at 3 ft. 6 in. above the bottom of the tank giving a sludge 
capacity of about 156 gal. and a settling volume of approximately 
1590 gal. On August 15, 1913, a conical distributor was added, the 
influent pipe being shortened to a point 4 ft* 8 in. above the bottom, 
increasing the sludge capacity to 293 gal. and reducing the settling 
capacity to 1453 gal. The operating schedules of both tanks and 
the theoretical velocities of flow are given in tables 22 and 23. 

TABLE 22. 

OPERATING SCHEDULE FOR DORTMUND TANK C. 



From 



To 



Rate 

Gallons 

Daily 



Deten- 
tion 

Period 
Hour 



Mean Upward 
Velocity 



Ft. per 
Hour 



Mm.per 
Second 



Remarks 



June 24, 1913 Aug. 15, 1913 18,200 2.1 



1.7 



0.146 



Aug. 15, 1913 Dei. 1,1913 18,200 1.9 2.3 0.198 

Dec. 1,1913 , Jan. 5,1914 34,800 1.0 4.5 0.387 

Jan. 5, 1914 Feb. 9, 1914 Used for chemical precipitation. 

Feb. 9,1914 May 1,1914 8,800 4.0 1.1 0.095 

May 1,1914 June 1,1914 12,000 2.9 1.5 0.129 



June 1, 1914 July 1, 1914 12,000 2.9 



1.5 



0.129 



Using screened 
sewage. 
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TABLE 23. 

OPERATING SCHEDULE FOR DORTMUND TANK D. 











Mean Upward 






Rate 


Deten- 


Velocity 


Fhom 


To 




tion 
Period 




DaUy 


Ft. per Mm. per 








Hours 


Hour Second 


Sept. 16, 1912 


Mar. 1,1913 


36,400 4.0 2.6 0.224 


Mar. 1, 1913 


July 7,1913 


24,200 6.0. 1.7 0.146 


July 7,1913 


Jan. 5, 1914 


Used for chemical precipitation. 


Jan. 5,1914 


Feb. 7,1914 


14,600 10.0 1.0 0.086 


Feb. 7,1914 


July 1, 1914 


Used tor chemical precipitation. 



ANALYTICAL RESULTS. Monthly averages of the composi- 
tion of the tank effluents for the day, night and 24 hr. samples are 
shown in tables 24, 25 and 26. 
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REDUCTION OF SUSPENDED MATTER. Table 25 shows the 
monthly average reduction in suspended matter for Tank C on the 
day, night and 24 hour samples. Similar results for Tank D are 
given in table 26. Th averages by periods of flow are given in 
table 27. 

TABLE 25. 

NEW DORTMUND TANK (TANK C). PLAIN SEDIMENTATION. 
Ueduction in Suspended Matter Based on Monthly Averages. 



1 


SiTSPENDED MaTTEK 


Pahts Pek Million 


: Per Cent 
Reddction 


Period 
of • 

Flow! 
Hr. 


Mean 

Upward 

Vel. 

Ft. 

Per Hr. 


Date'! 


Influent* 


EfBuent 




Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 



DAY SEWAGE— SUNDAYS OMITTED 



1913 

July. . . . 
Aug. . . . 
Sept. . . . 

Oct 

Nov. . . . 
Peo 

IQU 

Feb. 9-28 
Mar. 
Apr. 



543 


420 


123 


275 


211 


64 


49 


60 


48 


2.0 


554; 


406: . 


148 


332 


237 


95 


40 


42 


36. 


1.9! 


577' 


440 


137 


234 


187 


47 


59 


58 


66 


1. 9 


528 


420 


108, 


208 


152 


56 


61 


64 


48 


1.9: 


556: 


437 1 


119 


242 


186 


56 


57 


57 


63 


1.9 


502! 


400, 


102 


255 


198 


57: 


49 


60 


44 


1.0. 


484; 


395' 


89 


141 


108 


33 


71 


73 


63" 


4.0 


464- 


380 


84 


"141 


125 


16 


70 


67 


81 


4.0 


356 


291 


65 


122 


100 


22 


66 


66 


66 


4.0. 



1.8 
2.3 
2.3 
2.3 
2.3 
4.5 



1.1 
1.1 
1.1 



NIGHT SEWAGE— SUNDAYS INCLUDED— 1913 , 



1913 , 


] 












' 










July 


148: 


92 


66 


164 


107 


47 


4t 


, 16t 


16 


2.0 


1.8 


Aug 


142' 


95 


47 


97 


67 


30 


32 


30 


36 


1.9 


2,3 


Sept. .... 


153' 


110 


43 


77 


63 


14 


50' 


43 


67 


1.9 ' 


2.3 


Oct 


128 


93 


35 


69 


51 


18 


46 


45 


49 


1.9 


2.3 


Nov. . . , . 


148: 


107 


41 


83 


68 


25 


44. 


46 


39 


1.9 


2.3 


Dec....:. 


165; 


120 


45 


107 


75 


32 


35 


37 


29 


1.0 


4.5 


1914 
























Feb. 9-28 


79 1 


59 


20 


67 


63 


14 


15, 


10 


30 


4.0 


1.1 


Mar 


89 


66 


23 


52 


46 


6 


42 


30 


74 


4.0 


1.1 


Apr 


73 


58 


15 


60 


45 


15 


20 


22 





4.0 


1.1 



. DAY AND NIGHT (24 HOUR) SEWAGE— SUNDAYS OMITTED. 



1913 — 
July. . . 
Aug. . . 
Sept. . . 

Oct 

Nov. . , 
Deo..-.. 

1914' 
Feb., 9-28 
Mar. .... 
Apr. .. ■ ■ ■ 

NOTE 



389 
407 
411 
381 
401 
376 

'! 

332 
323 
250 



297 
296 
316 
298 
313 
298 



-268 
262 
204 



92 
111 

96 

83 
,88 

78 



64 
61 
46 



, 224 
241 
173 
155 
184 
200 



113 

109 

98 



168 
173 
140 
114 
140 
152 



88 
96 
79 



55 
68 
33 
41 
44 
48 



25 
13 
19 



42 
41 
58 
59 
64 
47 



66 
66 
61 



43 
42 
56 
62 
55 



67 
63 
61 



40 
39 
65 
51 
50 
39 



61 
79 
59 







2.0 


1.8 


1.9 


2.3 


1.9 


2.3 


1.9 


3.3 


1.9 


2.3 


1.0 


4.5 


4.0 


1.1 


4.0 


1.1 


4.0 


1.1 



t Denotes increase. 

*■ Grit chamber, effluent. 
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TABLE 26. 

OLD DORTMUND TANK (TANK D). PLAIN SEDIMENTATION. 
Reduction in Suspended Matter Based on Monthly Averages. 



Date 



Suspended Matteh-^Parts Per Million 



Influent* 



Total Vol; Fixed 



EfSuent 



Total Vol. Fixed 



Per Cent 
Reduction 



Total Vol. Fixed 



Period 

of 
Flow 
Hr. 



Mean 
upward 

Vel. 

Ft. 

Per Hr. 



1913 

Jan 

Feb 

Mar. . . . 

Apr 

May. . . . 
June. . .. 

1914 
Jan. 5- 
Feb. 7 



DAY SEWAGE— SUNDAYS OMITTED. 



670 


519 


151 


320 


238 


82 


S2 


54 


46 


4.0 


60S 


455 


ISO 


265 


194 


71 


S6 


57 


53 


4.0 


626 


484 


142 


243 


176 


67 


61 


64 


53 


6.0 


523 


390 


133 


190 


148 


42 


64 


62 


68 


6.0 


597 


450 


147 


298 


220 


78 


50 


SI 


47 


6.0 


580 


437 


143 


210 


160 


50 


64 


63 


65 


6.0 


505 


410 


95 


103 


83 


20 


80 


80, 


79 


10.0 



2.6 
2.6 
1.7 
1.7 
1.7 
1.7 



1.0 



1913 

Jan 

Feb 

Mar. . . . 

Apr 

May. . .' . 
June. . . . 

1914 
Jan. 5- 
Feb. 7 



NIGHT SEWAGE— SUNDAYS INCLUDED. 



204 


. 147 


57 


145 


105 


40 


29 


29 


23 


4.0 


150 


102 


48 


165 


119 


46 


• lot 


17t 


4 


4.0 


157 


108 


49 


124 


95 


29 


21 


12 


41 


6.0 


125 


79 


46 


102 


70 


32 


18 


11 


30 


6.0 


185 


122 


63 


209 


156 


S3 


13- 


28- 
13t 


16 


6.0 


156 


103 


53 


158 


116 


42 


It 


21t 


6.0 


115 


S3 


32 


93 


74 


19. 


19 


11 


41 


10.0 



2.6 
2.6 
1.7 
1.7 
1.7 
1.7 



1.0 



1912 

Oct 

Nov. . . . 
Dec 

1913 

Jan 

Feb 

Mar. . . , 

Apr 

May. . . . 
June. . . . 

1914 
Jan. 5- 
Feb. 7 



DAY AND NIGHT (24 HOUR) SEWAGE— SUNDAYS OMITTED. 



644 
524 



517 
446 
456 
375 
445 
432 



360 



547 
480 
410 



398 
332 
347 
275 
328 
319 



284 



122 
164 
114 



119 
114 
109 
100 
117 
113 



76 



406 
281 
260 



264 
236 
200 
157 
279 
184 



100 



211 
200 



197 
169 
146 
120 
210 
139 



74 
70 
60 



67 
67 
54 
37 
69 
45 



20 



39 
56 
50 



49 
47 
56 
58 
37 
57 



72 



39 


39 


4.0 


2.6 


S6 


57 


4.0 


2.6 


51 


47 


4.0 


2.6 


SO 


44 


4.0 


2.6 


49 


41 


4.0 


2.6 


58 


50 


6.0 


1.7 


56 


63 


6.0 


1.7 


36 


41 


6.0 


1.7 


56 


60 


6.0 


1.7 


72 


74 


10.0 


1.0 



NOTE: t Denotes increase. 

* Grit chamber ef9uent. 

Table 27 indicates that both velocity of flow and the period of 
detention are important factors in determining the efficiency of this 
type of tank. With equal detention periods but varying velocities, 
the lower velocities give the higher removal of suspended matter. 
This has an important bearing on the economy of this type of tank, 
as the efficiency depends largely on the upward velocity, while the 
capacity is the product of the area and velocity. From the stand- 
point of economy, therefore, high velocities are desirable, but are 
obtained at the expense of efficiency. 
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TABLE 27. 

REDUCTION IN SUSPENDED MATTER BY STATED PERIODS OF FLOW IN 
VERTICAL FLOW TANKS. 





Deten- 
1 tion 
Period 
Hours 


Mean 
Upward 
Velocity 
Ft. per 

Hour 


Susp. Mattbk — Parts pee Mil. 


Percent 
Reduction 


Tank 


Influent 


Effluent 




Tot.. Vol. Fix. 


Tot. 


Vol. 


Fix. 


Tot. Vol. Fix. 











DAY 


SEWAGE 










D 


10.0 


1.0 


505 


410 


95 


103 


83 


20 


80 


80 





4.0 


1.1 


435 


355 


80 


135 


111 


24 


69 


69 


ct 


3.0 


1.5 


416 






115 






72 




D 


6. Of 


1.7 


576 


437 


139 


214 


161 


53 


63 


63 


C 


2.0 


1.8 


543 


420 


123 


275 


211 


64 


49 


50 


C 


1.9 


2.3 


554 


426 


128 


254 


191 


63 


54 


55 


D 


4.0 


2.6 


638 


487 


151 


293 


216 


77 


54 


56 


C 


1.0 


4.5 


502 


400 


102 


255 


198 


57 


49 


50 



79 
70 

62 
|48 
51 
49 
44 



NIGHT SEWAGE 



D 

C 

Ct 

D 

C 

C 

D 

C 



10.0 


1.0 


115 


83 


32 


93-: 


74 


19 


11 


41 


4.0 


1.1 


80 


61 


19 


60 


48 


12 


25 


21 


3.0 


1.5 


105 






67 






46 




6. Of 


1.7 


146 


97 


49 


128 


94 


34 


12 


3 


2.0 


1.8 


148 


92 


56 


154 


107 


47 


4* 


16* 


1.9 


2.3 


143 


101 


42 


82 


60 


22 


43 


41 


4.0 


2.6 


177 


125 


52 


155 


112 


43 


12 


11 


1.0 


4.5 


165 


120 


45 


107 


75 


32 


35 


37 



10 
37 

si 

16 

48 
17 
29 









DAY AND NIGHT (24 Hour) SEWAGE 




D 


10.0 


1.0 


360 


284 


76 


100 


80 


20 


72 





4.0 


1.1 


302 


245 


57 


107 


88 


19 


65 


ct 


3.0 


1.5 


3 00 






99 






67 


D 


6.0t 


1.7 


421 


314 


107 


180 


135 


45 


57 


C 


2.0 


1.8 


389 


297 


92 


224 


168 


55 


42 


C 


1.9 


2.3 


400 


306 


94 


188 


142 


46 


53 


<D 


4.0 


2.6 


560 


433 


127 


289 


222 


67 


48 





1.0 


4.5 


376 


298 


78 


200 


152 


48 


47 



72 
64 

57 
43 
54 
49 
49 



74 
67 

58 
40 
51 
47 
39 



* Increase. 

t One month omitted owing to development of extreme septic conditions. 

t One month on screened sewage in daytime and one on raw sewage. 

"With velocities lower than 1.5 ft. per hr., a removal of about 70 
per cent, of the suspended matter in the day sewage is obtained with 
careful operation. The reduction in suspended matter fluctuates con- 
siderably for the night flow, probably because the night sewage 
contains much less settling suspended matter. The reduction is 
always less than for the day sewage for the same reason, and also 
because the true period of flow is always less than the theoretical, 
resulting iu the inclusion of some of the strong day sewage in the 
night effluent. The 24-hr. results, therefore, show somewhat lower 
efficiencies. 

The results obtained for individual months vary. The results 
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obtained on Tank D in October, 1912; were somewhat poorer than 
for the remainder of the time during which the tank was run on 
the 4-hr. basis, due largely to the absence of the scum baffle. Like- 
wise, the results for May, 1913, were considerably below the average 
for the 6-hr. period of flow, probably because of the long interval 
between cleanings at that time, combined with rising temperature 
of the sewage and the development of septic conditions causing un- 
loading. , ' 

The results obtained froin Tank C during the first two months 
of operation on a nominal period approximating 2 hr. were some- 
what poorer than the average for the same period of flow. The 
effluents obtained in September and October, 1913, however, showed 
a great improvement, largely traceable to the installation of the 
scum baffle in July. The very frequent cleaning of this tank, pre- 
venting the establishment of sej)tic conditions, also accounfe f orthe 
quality of effluent obtained. During the months of May and July, 
1914, Tank C was run on the effluent from the flne mesh rotary 
screen. The removal of suspended matter for the day samples is 
shown in tables 28 and 29. With a detention period of 3 hours, 
total removals of suspended matter averaging 68 and 78 per cent, 
were secured, of which 12 and 9 per cent, were taken out by the 

screen.—™-— ■ .,^..„_„.» - .^.,_.. ..,...„„.. -„^.._^__..__ ..,„,„,.„., — ,._ — 

TABLE 28. 

FINE SCEEENING FOLLOWED BY PlAiN SEDIMENTATION IN DORTMUND 

TANK (TANK C). 

Reduction in Suspended Matter Using Screened Sewage with Detention Period of 3.0 

Hours and Upward Vel. 1.5 Ft. per Hr. Day Sewage in May, il914. 





Total Suspended Matter 


Pee Cent REDtJCTtON 


Date 
May" 


PaETS pee MlIilON 


Suspended Matter 














1914 


Screen* 


Screent 


Tankf 










Influent 


Effluent 


Effluent 


Screen 


Ta.iik 


Total 


1 


447 


•387 


181 


13 


47 


60 


4 


460 


385 


158 


16 


50 


66 


6 


375 


321 


113 


14 


56 


70 


8 


407 


350 


183 


14 


41 


55 


11 


416 


373 


185 


11 


45 


56 


13 


516 


461 


142 


11 


62 


73 


15 


543 


492 


143 


10 


64 


74 


18 


452 


381 


164 


16 


48 


64 


20 


475 


412 


163 


13 


53 


66 


22 


759 


717 


189 


6 


69 


75 


25 


595 


530 


190 


11 


57 


68 


27 


699 


626 


145 


10 


69 


79 


Average 


512 


453 1 163 


12 


56 


68 



Note — Individual samples cover 2 days, including date noted. 
* Computed from effluent analyses and screenings, 
t Corrected for dilution by wash water. 



Sundays omitted. 
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REDUCTION IN OEGANIC NITROGEN, FREE AMMONL\ 
AND OXYGEN CONSUMED. Table 30 shows the reduction in 
organic nitrogen, free ammonia and oxygen consumed for the day 
sewage for both tanks. During the winter and early spring, the 
reduction in organic nitrogen and oxygen consumed was consider- 
ably less than in suspended matter, because of the presence of solu- 
ble wastes. The free ammonia showed a slight increase. With the 
return of warm weather, an increase in the percentage reduction of 
organic nitrogen and oxygen consumed approaching the removal 
obtained on suspended matter was noted. At the same time a marked , 
increase in free ammonia was noted, as well as a decrease in nitrites 
and nitrates. Under the influence of rising temperature, oxidation 
of the organic matter in the sewage was apparently stimulated at 
the expense of the oxygen contained in the nitrites and nitrates, 
particularly in Tank D. The effect was not marked in Tank C, al- 
though a substantial reduction in oxygen consumed and organic 
nitrogen occurred, accompanied by a corresponding increase in free 
ammonia. 

SLUDGE AND SCUM. Scum was consistently present on the 
surface of both tanks from the start, forming usually within 24 lir. 
after cleaning and often to a considerable thickness as time elapsed. 
During cold months it formed more slowly than in warm weather. 
Prior to the installation of scum boards, considerable scum escaped 
in the effluent, but thereafter much less. 

During May and July, 1914, Tank C was run on the effluent 
from the rotary screen during the daytime with a detention period 
of three hours, and during June with the same detention period 
using the effluent from the grit chamber. A very slight scum accu- 
mulated during the last few days of the runs on screened sewage, 
but in June a heavy coating was present almost continually. The 
relative rates of scum formation of 0.5 eu. yds, per mil. gal. in May 
and 3.1 cu. yd. in June point to the value of preliminary fine screen- 
ing as a possible remedy for excessive scum formation. The light 
fibrous material removed by the screen is largely responsible for 
the heavy mat of scum. 

During the hot summer weather, the surface of the scum often 
baked hard in a thin skin, which, on removal, frequently revealed 
large colonies of maggots. The scum thus affords a very favorable 
breeding ground for flies, as well as the sludge drying on the sludge 
beds. Ordtaarily the scum had no objectionable odor, except when 
stirred or agitated. Owing to the necessity of skimming off the 
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scum frequently, this rapid accumulation involves considerate 
labor, and the high moisture content makes handling difficult. 

Sludge was removed from Tank D at intervals of- from 1 to 8 
weeks, whereas cleanings of Tank C were made at approximately 
weekly intervals, owing to the relatively small volume of the sludge 
chamber (tables 31 and 32). The rate of accumulation of sludge 
and scum in Tank D fluctuated considerably between intervals of 
cleaning (table 31). The relative amounts of sludge and scum 
varied considerably. The average rate of accumulation of sludge 
and scum for different periods of flow is given in table 33. 



TABLE 33. 

SLUDGE ACCUMULATION BY PERIODS OF FLOW. 



" 


Deten- 


Mean 






Total 






tion 


Upward 


Sludge 


Scum 


Cu. Yd. 




Tank 


Period 


Yelocity 


Ou. Yd. 


Cu. Yd. 


per 


Rbmabks 




Hovirs 


Ft. per 


per Mil. 


perMil. 


Mil. 








Hr. 


Gallons 


Gallons 


Gallons 


, 


C 


1.9 


2.3 


3.1 


3.5 


6.6 




C 


1.0 


4.6 


2.0 


1.9 


3.9 




C 


4.0 


1.1 


3.9 


2.0 


5.9 




C 


3.0 


1.5 


4.1 


0.5 


4.6 


With screened 
sewage. 


C 


3.0 


1.5 


4.1 


3.1 


7.2 


With Unscreened 
sewage. 


D 


4.0 


2.6 


7.3 


3.2 


10.5 




D 


6.0 


1.7 


4.1 


4.1 


8.2 





The rate of accumulation varied between 8 and 10 cu. yd. of 
sludge and scum per million gallons for Tank D and between 4 and 7 
cu. yd. for Tank C. Individual measurements show large fluctua- 
tions at different times due probably to the variable moisture con- 
tent and the relative proportions of wet bottom sludge and com- 
paratively dry top scum. The amount of suspended matter removed 
from the sewage at different seasons of the year would also tend to 
vary the rate of accumulation somewhat. Fine screening materially 
reduces the rate of scum accumulation. In deeper and larger tanks 
lower results might occur;- as the sludge would compact somewhat. 
Septic conditions with resulting gas evolution also tend to keep 
the sludge stirred up and bring portions to the surface as scum. 
By far the greater portion of sludge was deposited during the day 
time, for, based on the analyses of the tank effluent, the retention of 
suspended matter during the nine night hours averaged less than 10 
per cent, of the total amount deposited. The effect of variations 
in moisture content on the rate of scum accumulation is indicated in 
table 34, which shows the rate of accumulation for a short period for 
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Tank C, with all results reduced to a standard moisture content. 
For comparison sludge measurements are also given. 

The sludge flowing from the tanks varied in color from a dirty 
brownish or greenish gray to almost black, that from Tank D fre- 
quently giving off a strong odor of hydrogen sulphide. This was 
not noticed in Tank C, possibly because the small sludge storage 
space necessitated more frequent cleaning, thus minimizing the de- 
velopment of septic action. Considerable amounts of gas were given 
off during the winter by Tank D. 

Some difficulty occurred in running the sludge from the tanks, 
particularly during the winter of 1912-1913, when on several occa- 
sions it became almost impossible to clean Tank D. After a small 
amount of sludge was withdrawn, clear sewage would break through. 
If shut down until the sludge gathered about the sludge pipe inlet. 



TABLE 35. 

PLAIN SEDIMENTATION IN OLD DORTMUND TANK (TANK D). 
Analyses of Bottom Sludge and Top Scum. 



Date 



Specific 
Gravity 



Per Cent 
Moisture 



CALCnLATED TO DrT WEIGHT — PERCENTAGE 



Nitrogen 



Volatile 

Matter 



Fixed 
Matter 



Ether 
Soluble 



1912 
Oct. 7*. 

25*. 
Nov. 9*. 

22*. 
Dec. 4.. 

13.. 

24.. 



1913 
Jan. 17 . 
Feb. 10. 
25. 
Apr. 4 . 
May 27. 
June 11. 



BOTTOM SLUDGE 



1.01* 
1.00* 



.00* 

.03* 

.02 

,02 

,02 



1.03 

1.03 

1.00* 

1.00* 

1.03 

1.02 



98.9* 

91.8* 

95.8* 

92.1* 

93.1 

94.6 

90.8 



89.7 
91.6 
89.1 
92.0 

92'8 



2.24 
2.64 
2.32 
3.04 
3.44 
4.90 
3.36 



3.36 
1.68 
3.04 
2.56 
2.56 
2.32 



80 
70 
77 
78 
78 
79 



76 
76 
78 
74 
74 
75 



31 
20 
30 
23 
22 
22 
21 



24 
24 
22 
26 
26 
25 



9.7 
7.8 
8.6 
8.8 
10.0 
7.3 
9.5 



8.0 
9.8 
9.3 
7.7 
8.8 
6.4 



Average. 



1.02 



91.7 
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TOP SCUM 



1912 

Oct. 25 


1.02 
1.01 
1.02 
1.02 

i^os 

1.01 

1.02, 

1.02 

1.05 

1.03 

1.02 

1.01 


93.0 
81,3 
85.0 
84.7 

87.2 
87.7 
90.1 
84,3 
81.9 
79.6 
80.6 
81.0 
81.0 


3.36 
3.84 
3.52 

i!44 

2.16 
2.64 
1.76 
2.64 
2.96 
2.16 
2.16 


75 • 
74 
78 
72 

77 
75 
76 
74 
75 
75 
73 
73 


25 
26 
22 
28 

23 
25 
24 
26 
25 
25 
27 
27 




Nov. 22 . . . 


10.4 
9,0 
9.7 


Dec. 3 


24 


1913 

Jan. 17 


Feb. 10 


11.6 

9.2 

8.6 

7.4 
11.4 

7.8 

7.2 ■ 

9.2 


26 


Mar. 27 


Apr. 4 . . . 


May 7 


22 




19 '. 




Average 


1.02 


84.5 


2.60 


75 


25 


9.1 



Note: • Samples from sludge filter omitted from average. Other sludge samples from tank. 
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flow would again resume. Twice this difficulty was overcome by sus- 
pending a metal disc about three feet in diameter over the surface 
of the . sludge, which may have prevented vortex action. Differ- 
ences in the character of the sludge may have caused the variations 
noted. However, sludge was readily removed when the disc was 
used. The low specific gravity of the sludge, combined with the stir- 
ring and uplifting tendency of the gas formed, may have prevented 
free flow toward the sludge outlet, or the friction against the sides 
of the tank and hopper may have caused the sludge to hang, form- 
ing a cone-shaped depression in the center of the sludge mass 
through which the overlying sewagp finally broke. Stirring was 
effective when the sludge had become particularly compact. 

Analyses of sludge. and scum for Tank D (table 35) and for 
Tank C (table 36) show the composition of the sludges and scura.s 



TABLE 36. 

PLAIN SEDIMENTATION IN DORTMUND TANK (TANK C). 

Analyses of Bottom Sludge and Top Soum. 



Date 



Specific 
Gravity 



Per Cent 
Moisture 



Calculated to Dry Weight — Percentage 



Nitrogen 



Volatile 
Matter 



Fixed 
lyiatter 



Ether 
Soluble, 



1913 
July 9 . 

18. 
Aug. 2 . 

16. 

22. 

28. 
Sept. 22 . 
Oct. 3. 

17. 
Nov. 7. 

21. 

1914 
Mar. 20. 



1.02 
1.01 
1.01 
0.99 
1.01 
1.01 



1.03 



BOTTOM SLUDGE 



1913 

July 18 . . 


1.02 
1.02 
1.02 
1.05 

i!62 
1.01 
1.02 
1.01 
1.02 
1.02 

1.02 
1.03 
1.01 

1.01 


89.5 
92.7 
91.3 
86.8 
92.5 
89.9 
91.3 
91.2 
90.2 
90.0 
87.2 

91.0 
92.5 
91.7 

94.2 


2.56 
2.80 
2.44 
1.84 
2.72 
2.56 
2.56 
2.96 
2.88 
2.88 
3.04 

2:S6 


69 
74 
69 
62 
177 
67 
71 
73 
81 
78 
71 

73 
67 


31 
26 
31 
38 
23 
33 
29 
27 
19 
22 
29 

27 
32 


7.1 


Aug. 2 


6.2 


18 


7.9 


22 


5.5 


28 


3.3 


Sept. 22 . 


7.6 


Oct. 3 


9.0 


17 


7.9 


Nov. 7 


9.1 


21 


8.2 


Dec. 16 


7.3 


1914 




Mar. 20. 


i6.8 


27 


17.4 


27 


top of sludge 
1 13.5 




botto 


m of sludge 


Average 


1.02 


90.6 


2.65 


72 


28 


8.1 

















TOP SCUM 



1.02 



81.2 
79.8 
84.4 
84.4 
82.6 
83.6 
83.6 
83.5 
83.7 
86.3 
83.4 



84.4 



2.56 
2.64 
2,88 
2.40 
2.56 
•3.12 



3.04 



72 
70 

62 
69 
68 
71 
68 
72 
71 
76 
77 



28 
30 
38 
31 
32 
29 
32 
28 
29 
24 
23 



30 



7.4 
7.7 
7.2 
6.9 
7.3 
3.5 
7.5 
9.2 
9.4 
8.3 
7.6 



10.5 



7.7 
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to be almost identical, except for the lower moisture content of the 
scums averaging 84 per cent, as compared with 92 per cent, for 
sludge in Tank D and 85 per cent, against 91 per cent, for Tank C. 
The percentage of volatile matter in the sludge and scum from both 
tanks is high, little difference being noted between the sludge and 
scum from the same tank. The nitrogen content averages nearly 
3 per cent., whereas the ether soluble material averages 8 to 8.5 
per cent. The fat content of the sludges was determined by extracting 
with ether without acidifying. "When the sample is first acidified, 
considerably higher results are obtained, probably due to the break- 
ing down or "cracking" of the soap fats which are not recorded by 
the simple ether extract. For instance, 2 samples of bottom sludge, 
showing percentages of 7.4 and 10.0 with simple ether extraction, 
gave values of 10.0 and 25.6 when first acidified. 

ACTUAL PEEIOD OF FLOW. In the body of this report, all 
figures have been based on the nominal period of flow, assuming com- 
plete and uniform displacement, a condition only approximated in 
practice. Several attempts were made to measure the actual deten- 
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Fig. 12. Flow Period in Dortmund Tanl< (C). 

tion period but the unusual character of the sewage interfered. 
Dyes were tried with indifferent success, owing to the reducing action 
of the sewage on the coloring matter and the difficulty of getting a 
distinct trace of color in the highly colored effluent. Of the chem- 
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icals ordinarily used, the quantity l*equired to produce an appreci- 
able effect was so large as to be impracticable in most cases. 

A fairly successful test of Tank C was, however, made while 
running on a two-hour schedule, before the conical distributor was 
added to the influent pipe. The alkalinity of the sewage was in- 
creased on a Sunday by adding sodium carbonate, samples being 
taken at 5-min. intervals for. 2 hr. and every 10 min. thereafter for 
an additional hour. The results (Fig. 12) indicate considerable vari- 
ation in rate of flow, a portion of the sewage passing through very 
rapidly, the peak in the curve being reached 35 min. after application 
began. A portion flows through very slowly, the' alkalinity being 
high at the end of 3 hr. Diffusion of the chemical may have had an 
influence. Although sampling was not continued until normal alka- 
linity was restored, an average period of flow was found less than the, 
theoretical. 
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CHAPTER VIII. 



EMSCHER TANK. 

GENEEAL. The distinguishing feature of the Imhoff or Eiti- 
scher tank (tank E) is the provision made for the retention and 
digestion of the sludge in a chamber separate from that through 
which the sewage flows, so arranged that the gases of digestion 
pass off through a separate vent without contact with the incoming 
sewage. The construction and details of the original and remodeled 
tanks have already been outlined. (Fig. 8.) The operating schedule 
, is shown in table 37. 

TABLE 37. 

OPERATING SCHEDULE OF EMSCHER TANK (TANK E). 





Date 




Rate 
Gal. 
Daily 


Period 

of 
Flow 
Hrs. 


VrTjOCITT 








From 


To 


Ft. per Hr. Mm. per Sec. 


Down 1 Up 1 Down 


Up 



Sept. 


16, 


1912 


Nov. 


2, 


1912 


Mar. 


1, 


1913 


May 15, 


1913 


Oct. 


1, 


1913 


Feb. 


10, 


1914 



VERTICAL RADIAL FLOW, ORIGINAL 

Nov. 2, 1912 
Mar. 1, 1913 
May 15, 1913 
Oct. 1, 1913 
Feb. 10, 1914 
Mar. 9, 1914 



27,400 


2.0 


8.7 


3.8 


0.74 


18,200 


3.0 


5.8 


2.5 


0.49 


13,700 


4.0 


4.4 


1.9 


0.37 


27,400 


2.0 


8.7 


3.8 


0.74 


36,400 


1.5 


11.6 


5.0 


0.99 


27,400 


2.0 


8.7 


3.8 


0.74 



0.32 
0.21 
0.16 
0.32 
0.44 
0.32 



Mar. 19, 1914 
June 1, 1914 


HORIZONTAL FLOW, REMODELLED 

June 1, 1914 15,200 1.9 9.2* ... 
Sept. 2,1914 10,000 2.9 6.0* 


0.79* .... 
0.52* .... 



* Horizontal velocity. 



ANALYTICAL RESULTS. Monthly averages showing 
character of the effluent are given in tables 38, 40 and 41. 
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REDUCTION OP SUSPENDED MATTER. Tables 39, 40 and 
41 show the percentage reduction in suspended matter for the day, 
night, and 24-hr. samples by months. In the day and 24-hr. averages 
Sunday results have been excluded, owing to the greatly decreased 
strength of the sewage. The average results by periods of flow are 
given in table 42. , 

TABLE 42. 

REDUCTION IN SUSPENDED MATTER BY PERIODS OF FLOW. 



Deten- 
■ tion 
Period 
Hours 


Mean 

Upward 

Velocity 

Ft. per 

Hours 


Suspended Mattbb — Pabts pee Million 


Pee Cent 
Reduction 


Influent 


Effluent 


Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 



DAY SEWAGE 



4.0 
3.0 
2.0 
1.5 



1.9 


586 


446 


140 


283 


214 


69 


52 


52 


2.5 


638 


487 


151 


316 


243 


73 


50 


50 


3.8 


645 


418 


127 


267 


199 


68 


51 


52 


5.0 


521 


417 


104 


246 


192 


54 


53 


54 



4.0 
3.0 
2.0 
1.5 



1.9 
2.9 



9.2t 
6. Of 



85 
100 



Horizontal Plow 
I ... I 60 I 

... 51 



29 
49 



51 

52 
47 
48 









Horizontal Flow 




1.9 


9.2t 


400 


158 


61 


2.9 


6. Of 


365 


101 


72 









NIGHT SEWAGE 








1.9 


154 


125 


52 


174 


123 


51 


2 


2 


2.5 


177 


101 


,53 


153 


110 


43 


1 


9* 


3.8 


137 


95 


42 


104 


74 


30 


24 


•22 


5.0 


135 


99 


36 


88 


62 


26 


35 


39 



2 
19 
28 
28 



4.0 
3.0 
2.0 
1.5 



1.9 
2.9 







24 HOUR 


SEWAGE 








1.9 


427 


319 


108 


235 


177 


58 


45 


45 


2.5 


533 


405 


128 


285 


217 


68 


47 ' 


47 


3.8 


435 


336 


92 


228 


174 


54 


48 


48 


5.0 


379 


299 


80 


191 


148 


43 


50 


51 



9.2t 
6.0t 



293 
266 



Horizontal Flow 

I ••• I 124 I 
... 82 



58 



46 
47 
45 
46 



* Denotes increase, 
t Horizontal velocity. ' 

The efficiency of the Emscher tank with different vertical veloci- 
ties, during the operation of the tank on the radial flow basis, varied 
much less than did that of the Dortmund tanks. During the entire 
period of operation on the 3-hr. and 4-hr. periods, the process of 
ripening was going on in the digestion chamber, causing more or less 
disturbance in the operation of the tank. Scum baffles for the 
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effluent nipples were not installed then or during the greater part 
of the period during which the tank was operating on a 2-hr. deten- 
tion period. During September, 1913, the sludge level rose above 
the level of the slots. When the period was changed to a l^-hr. 
basis, individual scum baffles were provided for the effluent nipples, 
retaining considerable light scum which formed on the surface of 
the settling chamber. With the change to horizontal flow, considera- 
bly higher efficiencies were recorded. 

REDUCTION OP ORGANIC NITROGEN, FREE AMMONIA 
AND OXYGEN CONSUMED. Table 43 shows the reduction in or- 
ganic nitrogen, free ammonia and oxygen consumed for the day 
sewage, for 1913. The decrease in organic nitrogen, while apprecii 
able, was considerably less than in suspended matter, because of the 
large amount of organic matter present in solution. The free ammo- 
nia consistently increased, accompanied by a decrease in nitrites and 
nitrates, indicating a slight oxidation of the organic nitrogenous 

TABLE 43. 

SEDIMENTATION IN EMSCHER TANK (TANK E). 
Reduction in Organic Nitrogen, Free Ammonia and Oxygen Consumed in Day Sewage 





Parts per Million. 


Per Cent Reduc- 
tion 


Period 

of 
Flow 
Hr. 


Date 


iNFLUENTf 


Efpltjent 


1913 


Org. 

Nit. 


Free 
Amm. 


Oxy. 
Cons. 


Org. 

Nit. 


Free 
Amm. 


Oxy. 
Cons. 


Org. 

Nit. 


Free 
Amm. 


Oxy. 
Cons. 


Jan 

Feb "... 

Mar 

Apr 

May 1 to 15; 
16 to 31 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 


96 
91 
71 
70 
83 
78 
81 
71 
74 
76 
69 
86 
89 


24 
25 
19 
20 
23 
21 
21 
21 
22 
21 
22 
24 
24 


322 
317 
267 
250 
268 
250 
264 
240 
228 
250 
251 
282 
287 


79 
79 
57 
55 
50 
56 
55 
53 
45 
50 
48 
60 
72 


30 
28 
24 
26 
40 
33 
40 
30 
42 
37 
32 
30 
32 


238 
237 
198 
180 
147 
150 
155 
143 
118 
149 
171 
203 
185 


18 
13 
20 
21 
40 
28 
32 
25 
41 
34 
30 
30 
19 


25* 
12* 
26* 
30* 
74* 
57* 
91* 
43* 
104* 
76*. 
45* 
25* 
33* 


26 
25 
26 
28 
45 
40 
41 
40 
48 
40 
32 
■ 28 
36 


3.0 
3.0 
4.0 
4.0 
4.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 


Av. ...... . 


80 1 24 


268 


59 


32 


178 


26 


33* 


34 





* Denotes increase, 
t Crude sewage. 



matter. With the approach of warm weather in May, a sharp in- 
crease in the reduction of organic nitrogen was noted, together with 
an increase in the amount of free ammonia. The nitrites and nitrates 
were also lower. These changes occurred almost simultaneously, 
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apparently following increasing temperature, with the resultant in- 
crease in bacterial action and increased oxidation of organic wastes. 
The oxygen consumed was decreased less than for the suspended 
matter, owing to the presence of soluble organic matter, altho in 
the late spring and summer the percentage reduction approached 
that obtained on the- suspended matter. Apparently the same fac- 
tors influencing the reduction of organic nitrogen were at work 
here also. 

SLUDGE CHAMBEE. The Emscher tank is about 17 ft. deep 
from the flow line to the bottom of the hopper. Seven days after 
th& tank was started, the evolution of gas became noticeable and the 
gas funnel had plugged to a depth of about 5 ft. with a brownish 
floating sludge or scum of very offensive odor. This scum was 
broken up daily to liberate the accumulation of gas underneath, and 
was frequently removed throughout the entire winter, and even 
up to the middle of April, 1913, as it formed quickly. At one time 
the accumulation reached a depth of 8 ft. The production of gas 
was practically continuous from the start, but the clogging of the 
gas vent, by the vigorous scum production, retarded the escape of 
gas at times- and occasionally caused ebullition through the sludge 
ports. On one occasion, the pressure was so great beneath the plug 
of scum that an attempt to break it, up caused the gas vent to over- 
flow into the settling compartment. Odors at times were very 
noticeable, particularly of hydrogen sulphide. 

After the first of May, 1913, however, little or no trouble was 
experienced, the ripening of the tank having apparently been com- 
pleted. Only a thin mat of light floating material collected during 
the summer of 1913, altho ebullition of gas was continuous and vig- 
orous. The odor of HgS was noted occasionally, although usually 
only on very close examination. Slight white deposits, presumably 
sulphur, were noted about the effluent pipes. During the summer 
a thin greasy scum accumulated in the inlet portion of the settling 
chamber, but this seldom exceeded a depth of one inch and gave no 
trouble in operating the tank. With the approach of cold weather, 
the scum reappeared in the gas funnel, though not to the extent 
noted during the first few months of operation. With the remodel- 
ling of the tank scum has continued to accumulate in the gas vents 
to a small extent. 

Owing to the excessive attention required to keep the gas vent 
clear during the first few months of operation, this tank was not 
regarded as favorably at first as the Dortmund tank. But as the 
tank became thoroughly ripened, the difficulties of operation largely 
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ceased, and very favorable results were^ obtained. The excessive 
scum formation is apparently incidental to the ripening of the tank, 
although occurring less markedly at other times. Ample area must 
be provided in the gas vents for the escape of the gases of digestion, 
far more than for domestic sewage. The original proportion was 8.8 
per cent, and as remodeled 34. 

TABLE 44. 

SEDIMENTATION IN EMSCHER TANK (TANK B). 
Sludge and Scum Accumulation in Cubic Yards Per Million Gallons. 



Date 



Cubic Yards Feb Million Gallons 



Sludge 
Since 
Last 
Meas- 
urement 



Scum 

Since 

Last 

Cleaning 



Since Start 



Sludge 



Scum 



Sludge 
and 
Scum 



Deten- 
tion 
Period 
Hours 



Mean 
Upward 

Vel. 
ft. per hr 



Cu. Yds. 
Sludge 

Re- 
moved 



1912 
Oct. 25. 
Nov. 7. 

16. 

22. 
Deo. 12. 

1913 
Jan.. 11. 
Feb. 11. 

22. 
Apr. 4; 

18. 

23. 
June 11. 

24. 

18. 
Aug. 19. 
Sept. 5. 

27. 

30. 
Oct. 14. 

21. 
Nov. 6. 

13. 

18. 

■20. 

26. 
Deo. 10. 

12. 

17. 

1914 
Jan. 12. 

16. 

19. 

21. 

28. 
Feb. 6. 

11. 

19. 

28. 
Mar. 9. 

Mar. .20. 

27. 
Apr. 4. 

13. 

16. 
May 1 . 

13. 

26. 
June 1 . 



13.3 



13.4 
10.3 



4.3 



8.8 
6.3 
0.6 
4.3 
4.3 
8.5 

9!3 

8.8 

7.9 

11.2* 



17.4 
3.2 



13.8* 
8.9* 



16.0 
'3.6 

2.9 

i!6 
1.4 
S.2 

b'.i 

0.0 
0.0 
0.0 
0.0 

6!i 

0.4 

0.6 
0.4 
5.0 
1.0 

6!4 



13.3 



3.4 
6.0 



1.1 



3.2 
3.9 
3.6 
3.7 
3.8 
4.1 

i.& 
4.8 
4.9 
5.3 



5.9 
5.9 



6.3 
6.3 



5.0 
4!6 



5 
3.1 
3.2 



0.4 
3.5 
2.8 
1.4 
■0.4 



1.3 
1.3 
1.3 
1.3 
1.3 



7.0 2.8 6.4 1.3 7.7 

0.0 1.4 6.4 1.3 7.7 

7.6 ■0.4 6.4 1.3 7.7 

13.4 ... 6.6 

26.6 ... 6.3 

12.7 1.0 6.4 1.3 
7.9 ... 6.4 

14.5 1.1 6.5 1.1 
March 9 to 18 Tank Remodeled (Velocities Horizontal Hereafter) 

7.7 38.5 6.5 1.4 
13.8 
10.9 



65.8 
8.S 
6.4 
6.2 
3.9 



0.6 



0.4 



6.5 
6.6 
6.6 
6.6 
6.8 
6.8 
6.8 
6.8 
6.8 



1.4 



1.3 



2.0 
3.0 
3.0 
3.0 
3.0 



3.0 
3.0 
3.0 
4.0 
4.0 
4.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 



1.5 
1.6 
1.6 
1.5 
1.5 
2.0 
2.0 
2.0 
2.0 
2.0 



3.8 
2.5 
2.5 
2.5 
2.5 



2. 

2. 

2. 

1. 

1. 

1. 

3.8 

3.8 

3.8 

3.8 

3.8 

3.8 

3.8 

5.0 



6.0 
6.0 
5.0 
5.0 
5.0 
3.8 
3.8 
3.8 
3.8 
3.8 



1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 


1.9 


9.2 



3.3 

2!3 

4.5 

sis 

0.2 
4.9 
6.1 
2.8 
9.6* 



4.7* 
10 ! 6* 



10. 



17.7 



6.2 



* Measuremen uncertain. 
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SLUDGE. Measurements of the sludge were made at montlily 
intervals, as a rule. The results expressed in cubic yards per million 
gallons are shown in table 44, with the quantities of scum from 
the gas funnel. The first few measurements of sludge fluctuated 
considerably, for on one or two occasions the sludge line was rather 
indefinite. Later measurements proved more consistent, the sludge 
apparently compacting with the ripening of the tank. 

The rate of accumulation during the first few months of opera- 
tion was very erratic. Sometimes very high rates occurred between 
individual measurements, and again an actual 'decrease, due prob- 
ably to variations in density and compactness. The results are also 
somewhat obscured by the varying amounts of gas-lifted scum of 
lower moisture content and therefore smaller volume per unit of 
dry matter. After the disappearance of the scum, the results proved 
more uniform. 

TABLE 45. 
SLXJDGE.ACCUMULATION BY PERIODS. 



Period 




Mean 


Cubic Yaeds per Mil. 




Deten- 


Upward 




Gallons 






tion 
Period 


Velocity 
Ft. per 












Sludge 


Scum 


Total 


trom. 


To 


Hours 


Hour 








Sept. 16, 1912 


' Oct. 25, 1912 


2.0 


3.8 


13.3 


3.3 


16.6 


Oct. 25, 1912 


Feb. 11, 1913 


3.0 


2.5 


-3.8 


3.6 


-0.2 


Feb. 11, 1913 


Apr. 23, 1913 


4.0 


1.9 


8.8 


2.4 


11.2 


Apr. 23, 1913 


Sept. 30, 1913 


2.0 


3.8 


5.8 


0.1 


5.9 


Sept. 30, 1913 


Jan. 28, 1914 


1.5 


5.0 


9.7 


0.8 


10.5 


Jan. 28, 1914 


Mar. 9, 1914 


2.0 


3.8 


7.5 


1.0 


8.5 



Mar. 9, 1914 | June 1, 



Horizontal Flow 
1914 I 1.9 I 



9.2* 



10.0 



1.4 



11.4 



* Horizontal velocity. 

The rates of sludge accumulation (table 44) show a reduction 
in the rate of scum formation after the ripening of the sludge cham- 
ber. Variations iu volume may be largely traced to changes in 
moisture content and eonipactness of the sludge (table 46) when 
the rate of accumulation is reduced to a uniform moisture con- 
tent. Possibly with a tank of working depth, a more compact sludge 
would be obtained, reducing the unit rate of accumulation. In 
applying the results to actual conditions, it should be noted that 
this tank was operated at a uniform rate of flow throughout the en- 
tire 24 hr., whereas, the flow in the sewer fluctuates between wide 
limits during the day and is greatest when the sewage is strongest 
and deposition is most rapid. ' Design must therefore take account 
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of the proposed metliod of operation in planning sludge storage. 
Comparison of the influent, and effluent analyses, however, shows 
that in general less than 10 per cent, of the total daily amount of 
suspended matter retained is deposited during the night. The 



TABLE 47. 

EMSCHEE, TANK (TANK E). 
Analyses of Bottom Sludge. 









Calculated to Dbt Weight, 


Sample 




Specific 


Per Cent 




Pehcbntage 




taken 


Date 


Gravity 


Moisture 










from 
















Nitro- 


Volatile 


Fixed 


Ether 


Sludge 








gen 


Matter 


Matter 


Soluble 


at 


1912 
















Oct. 25... 


1.00 


95.5 


2.56 


73 


27 


6.5 




Nov. 22. . . 


1.03 


93.9 


2.40 


79 


21 


7.2 




Deo. 12. . . 


1.02 


91.4 


2.90 


73 


27 


7.6 




1913 
















Feb. 18... 


1.02 


85.3 


2.96 


73 


27 ' 


4.4 




Apr. 23. . . 


1.04 


92.0 


2.64 


67 


33 


5.3 




June 11. . . 


1.02 


92.4 


2,64 


64 


36 


7.4 




24... 


1.02 


92.4 


2.72 


57 


43 


5.6 




July 18... 


1.03 


89.9 


2.64 


56 


44 


5.3 




Aug. 19. . . 


1.04 


86.8 


3.12 






6.0 




Sept. 5. . . 


1.04 


93.4 


2.88 


58 


42 






Sept. 30. . . 


1.03 


84.9 


2,17 


61 


38 


6l2 




Oct. 14... 


1.02 


92.6 


2.80 


59 


41 


6,6 


Top 


14... 


1.02 


91.0 


2,56 


56 


44 


6.0 


Bottom 


21... 


1.01 


94,9 


3.04 


57 


43 


6.2 


Top 


21... 


1.02 


93.7 


2.56 


56 


44 


7,2 


Bottom 


Nov. 6... 


1.01 


92.8 


2.88 


61 


39 


7,3 


Top 


6... 


1.04 


92.9 


2.80 


62 


38 


6.7 


Bottom 


20... 


1.02 


93.0 


3.12 


67 


■ 33 


6.2 


Top 


20... 


1.02 


93.1 


2,96 


64 


36 


6.3 


Bottom 


26... 


1.02 


94.5 


2.96 


61 


39 


7.6 


Top 


26... 


1.03 


92.3 


2,96 


61 


39 


6.1 


Bottom 


Dec. 12. . . 


1.02 


95.4 


2.96 


61 


39 


9.8 


Top 


12... 


1.02 


95.2 


2.72 


58 


42 


7.2- 


Bottom 


1914 
















Feb. 19... 


1.03 


88.4 


2.88 


73 


27 


9.8 


Top 


19... 


1.06 


86.9 


2.16 


60 


40 


9.2 


Bottom 


Mar. 9... 


1.04 


90.1 
Tank R 


2.56 
emodelled 


64 
March 9-1 


36 

3. 


7.0 




27... 


1.01 


90.0 








6.6 


Top 


27... 


1.01 


92.9 








7.0 


Bottom 


Apr. 13... 
13. . . 


1.02 


94.9 


2!56 


66 


34 


5.8 


Top 


1.02 


94.6 


2.56 


68 


32 


6.3 


Bottom 


Avg 


1.02 


91.5 


2.72 


65 


35 


6.6 




Avg.toApr 
, 23,1913. 


1.02 


91.5 


2.70 


75 


25 


6.4 




Ave. from 
















Apr. 23 
1913.... 


1.03 


91.5 ■ 


2.72 


61 . 


39 


6.6 
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slight scum formation on the surface of the settling chamber was 
largely grease, with a rate of accumulation, averaging about 0.5 cu. 
yd. per mil. gal. from the time when first observed. 

Samples of sludge were usually taken for analysis when mea- 
surements were made. Results obtained on the sludge from the bot- 
tom of the tank are shown in table 47, while the composition of the 
floating scum is indicated in table 48. Analyses of scum from the 
settling chamber are also given in table 49. The sludge had a 
specific gravity between 1.01 and 1.04, as removed, with a moisture 
content averaging 91.5 per cent., a figure higher than is usually 
noted for sludges from this type of tank. This is practically identi- 
cal with the results observed on the Dortmund tanks, and may be 



TABLE 48. 

EMSCHER TANK (TANK E). 
Analyses of Top Scum from Gas Vent. 



"nnto 


QrianiA/J 


Percent 
Moist. 


Calculated to Dry Weight — ^Percentage 


Gravity 


Nitrogen Vol. 
Matter 


Fixed Ether 
Matter Soluble 


1912 

Oct. 8 


1.01 
0.93 
0.97 
1.01 

1.00 

0.Q9 
1.01 
1.04 
1.03 
1.02 
1.03 
1.01 

1.04 
1.04 
0.99 


84.9 
81.9 
80.9 
84.6 

84.1 
85.0 
81.9 
84.0 
83.0 
84.2 
93.0 
86.4 
85.6 

81.9 
81.0 
86.2 


2.72 
2.32 
2.16 
2.48 

3.28 
2.24 
3.68 
2.64 
2.32 
2.96 
3.12 
2.88 
2.96 

2.64 
2.56 


75 
71 
71 
73 

73 
71 
83 
63 
71 
69 
67 
71 
70 

.77 
73 


25 
29 
29 
27 

27 
29 
17 
37 
29 
31 
33 
29 
30 

23 

27 


7 


Nov. 7... 


7 2 


16 


5.8 

7.7 

10.4 
12.5 
19.4 
14.2 
14.3 
11.0 
6. -2 
15.1 
13.9 

16.4 
17.6 
27.8 


Dec. 12 


1913 

Jan. 11 


Apr. 4 


June 11 


Oct 14 


Nov. 6 


18 


20 


26 


Dec. 10 


1914 

Feb. 20 


Mar. 9 


27* 




Average 


1.01 


84.3 2.72 


72 28 12.9 



* Tank remodelled March 9 to 18. 

due to the comparatively shallow depth of the tank as well as the 
nature of the settled material. The intense bacterial activity may 
also be a factor, by reason of the stirring action of the large vol- 
umes of gas liberated. Again, the hay, hair and other similar fibrous 
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TABLE 49. 

EMSCHER TANK (TANK B.) 
Analyses of Scum from Settling Chamber. 



Date 


Specific 
Gravity 


Percent 
Moist. 


Calculated to Dry Weight- 
Percentage 


Sample 
Taken 
From 


Nitrogen 


Vol. 
Matter 


Fixed 
Matter 


Ether 
Sol. 


1913 

Jan 4 


0.89 
0.99 
0.96 
1.00 
0.98 
1.01 
1.00 
1.02 
1.01 
0,96 
0.99 
1.01 
1.00 

1.02 
1.03 
1.02 
1.02 
1.01 
1.04 


70.0 
84.2 
85.1 
84.0 
84.6 
83.7 
83.0 
81.9 
84.6 
80.0 
85.3 
83.6 
85.9 

81.4 
81.5 
88.5 
91.7 
83.9 
88.0 


i'.84 
1.84 
2,88 
2.96 
2.96 
2.72 
3.12 
3.12 
2.64 
2.72 

2^72 
2.56 
2.96 
2.32 


81 
85 
86 
83 
81 
85 
71 
84 
68 
82 
86 
78 • 

82 
70 
83 
72 
81 
71 


io 

15 
14 
17 
19 
15 
29 
16 
32 
18 
14 
22 

18 
30 
17 
28 
19 
29 


40.3 
21.3 
34.7 
35.4 
26.4 
27.0 
29.7 
11.6 
27.8 
14.0 
29.7 

26!8 
14.8 
53.4 
17.3 


Inside baffle 


June 11 


Inside baffle 


Nov. 6 


Inside baffle 


13 




13 




20 


Inside baffle 


26 


Inside baffle 


26 


Outside baffle 


Dec. 2 


Inside baffle 


10 


Outside baffle 


10 


Inside baffle 


17 


Inside baffle 


17 


Outside baffle 


1914 

Jan. 3 


Inside baffle 


3 


Outside baffle 


Feb. 20 


Inside baffle 


Feb. 20 


Outside baffle 


Mar. 9 


Inside baffle 


Mar. 9 


Outside baffle 






Average 


0.99 
1.01 


83.0 
84.6 


2.64 
2.72 


83 
73 


17 
27 


32.6 
16.8 


Inside baffle 


Average 


Outside baffle 



Note: These are all from radial flow tank. 

material, occurring in large quantities, may be more retentive of 
moisture than is the ordinary sludge. The percentage of nitrogen 
has averaged about 2.72, practically the same%as found in the fresh 
sludge from the Dortmund tank, indicating that the loss of nitrogen 
in the process of digestion is slight. No decrease in nitrogen content 
occurred, as the tank ripened. The -percentage of volatile matter 
was high during the first 6 months of operation, when apparently 
but little digestion of the sludge occurred, the average percentage 
of volatile matter being 75, or substantially the same as in the sludge 
from th'e Dortmund .tank, removed at more frequent intervals. The 
sludge collected on April 23, 1913, showed a distinct decrease in 
volatile constituents. A still further decrease followed, indicating 
that ripening was completed about this time and digestion well es- 
tablished. The increase in gas production was practically coinci- 
dent. The average content of volatile matter, since April 23, 1913, 
averaged 61 per cent., a considerable reduction. 
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After October, 1913, sludge was sampled both from the very 
bottom and top of the layer in the digestion chamber. This differed 
little in composition. As a rule, the bottom samples contained some- 
what less nitrogen and moisture and a slight but not marked- de- 
crease in proportion of volatile matter. Probably the contents of 
the chamber a:s a whole was thoroughly stirred, with a digestive 
process more or less uniform throughout the entire sludge mass, 
rather than progressively increasing in intensity toward the bottom 
of the sludge chamber. 

The scum in the gas vent had a similar composition to the 
sludge, except for a lower specific gravity, and a moisture content 
averaging 84.3 per cent. The percentage of volatile and fixed matter 
is substantially the same, as for the fresh sludge, showing no de- 
crease however with the completion -of ripening. There is little 
difference in the nitrogen eontenit, but the fat content of the scum is 
somewhat higher. 

During the summer a light scum persjisted in the inlet compart- 
ment of the settling chamber, consisting largely of grease (table 
49). Never attaining a depth over a few inches, this did not affect 
the operation of the tank. It was removed occasionally. 

The sludge, when removed from the tank, was very black in 
color, of a uniform finely granular consistency, flowing readily. 
Aside from a slight tarry smell, no odor was ordinarily distinguish- 
able, although at times hydrogen sulphide was perceptible. At the 
firsts removal, some difSculty was experienced because a plug of the 
consistency of thick molasses, several feet long, in the outlet pipe 
had to be removed. Thereafter, little trouble was experienced in 
drawing off the sludge. Samples of the sludge placed in glass gradu- 
ates showed the typical Imhoff reaction, the sludge mass rising to 
the surface in 5 or 6 hr., leaving a layer of clear liquid underneath. 
With the sludges from other tanks, the reverse was found, the water 
flushing to the surface. 

DIGESTION OF SLUDGE. The deposited sludge was partially 
digested, not only reducing the volume but also producing a sludge 
drying more readily than fresh sludge. Once the tank had ripened, 
digestion proceeded rapidly, with a continuous ebullition of gas, 
particularly during the warm summer months. 

To estimate the actual amount of solid material lost in the 
process, the total weights of solids applied and removed have been 
computed, using as a basis the flow records and the analyses of sus- 
pended matter. The total amount of solid material accumulated as 
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sludge and scum has befen calculated from the sludge records and 
analyses. These results are plotted cumulatively in Fig. 13. Al- 
though the sludge measurements and analyses are occasionally some- 
what erratic, in general a considerable diminution in deposited solids 
is indicated. The percentage digestion, also plotted cumulatively, 




Fig. 13. Digestion of Sludge in Emscher Tank. 

shows a range of from about 15 per cent, at the start to slightly 
over 35 per cent, during the summer of 1913. This substantial reduc- 
tion of solid material is aided by the high volatile content. 

Another criterion is afforded by the change in ' proportion of 
volatile constituents in the sludge. The fresh sludge from the Dort- 
mund tanks has contained approximately 75 per cent of volatile 
matter (cf. tables 35 and 36). The samples from the Emscher tank 
during the first six months also approached this figure very closely. 
As the ripening became completed during the spring of 1913, the 
percentage of volatile matter was markedly diminished, and has re- 
mained low ever since (table 47). The loss in volatile matter occurs 
largely by liquefaction or gassification of portions of the organic 
products originally present. 

Assuming the fixed matter originally present remains un- 
changed in amount and the fresh sludge to contain 25 per cent, 
fixed matter, the expression D= ?=^ approximates the percentage 
of digestion in this case, where F is the percentage of fixed matter in 
the digested sludge. 

This gives a loss varying from at the start to 44 per cent, dur- 
ing the summer of 1913. 

The figures obtained by this second method uniformly exceed 
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those first noted, probably because the latter are cumulative, includ- 
ing the results of the first months of operation when little digestion 
was going on, whereas the former are based on individual analyses 
of the sludge. Moreover, the latter results include considerable scum 
accumulations during the life of the tank, in which apparently no 
digestion or rotting occurred prior to its removal. Altho the ac- 
curacy of this method of comparison may be open to errors, to a 
considerable degree, it certainly indicates a considerable reduction 
of organic constituents actually taking place during the storage of 
the sludge in the digestion chamber. 

The ripening period of the tank was apparently about seven 
months. After several batches of sludge had been removed, however, 
the rapid accumulation in the chamber necessitated very frequent 
withdrawals during the fall of 1913. In spite of some withdrawals 
when the average retention of sludge in the digestion chamber was 
hardly two months, according to measurements taken, the character- 
istic appearance and rapid drying qualities were well maintained. 
The sludge removed on November 6, 1913 dried slower than usual. 
As several successive removals had been made prior to this date at 
short intervals, this sludge may have been less completely digested 
than usual. 
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CHAPTER IX. 



CHEMICAL PRECIPITATION. 

GENBEAL. The coagulation of sewage by chemicals was one 
of the earliest forms of sewage treatment, for precipitates are 
formed by certain reactions, which, in settling drag down the finer 
particles of suspended matter, not ordinarily removed by plain sedi- 
mentation. To accomplish a more complete removal of suspended 
matter than by plain settling, our investigations included lime, iron 
sulphate, and alumina sulphate. The first experiments were on a 
laboratory scale in glass graduates, holding 250 or 500 cu. cm., using 
the effluent from the grit chamber collected during the hours of 
heavy flow. The results of these preliminary tests (tables 50 and 51) 
indicate that either sulphate of alumina or copperas and lime remove 
a comparatively large amount of suspended solids. , Sulphate of 
alumina alone also produced good results. Lime alone produced 
somewhat inferior results, whereas with copperas alone the removal 
was no better than by plain sediinentation. 

TANK EXPERIMENTS— GENEEAL. The preliminary experi- 
ments indicated that a substantial improvement might be made by 
the addition of chemicals, that the trial of the process on a practical 
scale was justified, and that the efficiency of copperas or sulphate of 
alumina with lime was but little different. For economical reasons, 
therefore, the experiments were started with copperas and lime as 
the precipitants. 

METHOD OF INVESTIGATION. The main details of the mix- 
ing and controlling apparatus have been described (cf. chap. TV). 
Lime was added as milk of lime, being mixed with water and agi- 
tated continuously by stirring paddles. As first rigged, the stirring 
apparatus was driven at a speed of about eight r. p. m., but this did 
not afford perfect mixing. Late in August, 1913, the speed was 
doubled by suitable pulley reductions, making a more uniform mix- 
ing. 

At the start both lime and copperas were added as the sewage 
left the main orifice box, the mixture then flowing directly to the 
tank with a travel of about 7 ft. Poor results were, however, ob- 
tained- by this method, a longer mixing period for the lime being 
apparently required for more complete solution. A baffled trough 
was accordingly constructed, with a series of narrow channels, 
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approximately SJ in. wide, with 180 deg. turns at the ends, making 
a total distance of travel about 100 ft. The lime solution was added 
to the sewage at the entrance to the trough, flowing nearly the 
entire length, before the solution of copperas was added. Owing to 
the relative plevations of the main orifice box and effluent ring in 
the tank, it would have been impossible to construct the trough with 
the proper slope to give a uniform velocity throughout without ex- 
tensive alterations. The requisite head to overcome friction losses 
was obtained, however, by backing up the sewage in the orifice 
box. The velocity in the first half of the mixing box was, conse- 
quently, low enough to allow some deposition, but the general results 
obtained in the tank showed great improvement. In an actual plant 
with better mechanical appliances, greater, efficiency in mixing could 
be obtained. 

CHEMICALS. For convenience in handling, a high grade of 
hydrated lime packed in 40-lb. bags was used. For a short time, 
quicklime of good quality was tried, but the labor of slaking, as 
well as the more rapid deterioration in a damp atmosphere, caused 
a return to the hydrated lime The lime solution was applied to the 
sewage at a rate from 20 to 40 gal. per hr. (cf. table 54) regardless 
of the amount of chemical used, variations in the rate of applica- 
tion being met by changing the strength of the solution. Although 
the lime used was advertised, as of exceptional quality, considerable 
impurities were found, as shown in table 52. 

TABLE 52. 

ANALYSES OF LIME AS DELIVERED. 



Date 


Percentage of 


Percentage as 


Remarks 


1913 


CaO 


Ca (0H)2 




July 17 


48.8 


64.5 


Hydrated lime 


21 


46.8 


61.8 


Hydrated lime 


23 


52.8 


69.7 


Hydrated lime 


Aug. 11 


69.4 




Quick lime 


14 


80.7 




Quick lime , 


18 


64.0 


84.5 


Hydrated lime 



As first applied, the lime solution was mixed of the theoretical 
strength, allowance being made for impurities. As the experiments 
progressed, it was found, however, that further allowance was nec- 
essary on account of unavoidable sedimentation in the mixing trough 
and orifice box, and after the middle of August, 1913, the rate of 
application was checked by chemical control, analyses of the solu- 
tion as discharged from the orifice being made three times daily. 
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After April, 1914, samples of the lime solution were collected every 
2 hv. into a composite for analysis. The actual weight of lime mixed 
was varied according to the analyses to give a rate as constant as 
possible. 

The copperas was practically a chemically pure product, analyz- 
ing on July 17, 1913, 99.3 per cent, of crystalline ferrous sulphate. 
This was applied in a dilute solution at a rate approximating six gal- 
lons per hour variations being made by changing the strength of the 
solution. During a portion of the time, the rate of application was- 
based on the weight of chemical dissolved. Later, chemical control 
was established, samples being taken as for the lime solution. 

During the summer of 1914, sulphate of alumina was tried, 
mixed to give the theoretical dose by weight, no analyses being 
made. The alum, supplied from the filter plant of the Union Stock- 
yards and Transit Co. analyed as follows : 

ANALYSIS OF ALUM. • 



Constituents 


Per Gent 


AljOa+Fe^ds 

PejOa 

Sulphates 

Insoluble 

Water 


17.80 
1,36 

48.00 
0.57 

31.44 



OPEEATION. Chemical precipitation started on July 15, 1913, 
with a two-hour period of flow and a theoretical application of 3 gr. 
of copperas and 5 gr. of lime as CaO pergal., based on actual weight 
of chemicals mixed. No better results occurring than those from 
plain sedimentation, the period of flow was increased to 3 hr. on 
July 28, 1913. As the results continued to be unsatisfactory, the 
dose of chemicals was increased to 6 gr. of copperas and 10 gr. of 
lime per gal. on Aug. 4. On Aug. 12, chemical control of the addi- 
tion of lime was established. The persistance of inferior results, 
however, was ended on August 23, by the construction of the lime 
mixing trough previously referred to. Cleaning was made more fre- 
quently thereafter, as unloading due to septic action had been noticed, 
from time to time. With the mixing trough and more careful op- 
eration, a decided improvement in the quality of the effluent soon 
became apparent. Owing to the poor results obtained during the 
first 1^ months of operation, these experiments are only briefly sum- 
marized. 

RESULTS OF PRELIMINARY OPERATION. Average results 
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for the first IJ months of operation are given in table 53, according 
to application of chemicals and period of flow. 

Table 53 indicates that the removal of suspended matter was 
somewhat erratic, at the start, and but little, better than by plain 
sedimentation. The removal of organic nitrogen and oxygen con- 
sumed was appreciably better, however, than by plain settling. 

During the entire period before the installation of the mixing 
trough, the effluent from the tank was black in color, containing 
considerable black scaly material in suspension. The sludge as re- 

TABLE 53. 

CHEMICAL PRECIPITATION. REDUCTION OF 

SUSPENDED MATTER. 

Day Samples. 





Grains Per 
Gallon 


Period 
of 

Flow 
Hr. 


Parts Per Million 


Per Cent 
Reduction 


Date 
1913 


Influent 


Effluent 


Cop- 
peras 


Lime 


Org. 

Nit. 


Oxy. 
Con. 




Org. 

Nit. 


Ox. 
Con. 


Sus. 
Mat. 


Org. 

Nit. 


Ox. 
Con. 


Sus. 
Mat. 


Sua. 
Mat. 


July 16 to 25... 


3* 


5* 


2.0 


79 


232 


525 


57 


128 


232 


28 


45 


56 


July 25toAug.4 


3* 


5* 


3.0 


62 


219 


538 


34 


125 


390 


45 


43 


28 


Aug. 4 to 12... 


6* 


10* 


3.0 


78 


244 


570 


44 


111 


288 


44 


55 


49 


Aug. 12 to 23... 


6* 


lot 


3.0 


67 


,213 


528 


36 


95 


238 


46 


55 


55 



* By weight. 

t By chemical control. 



moved from the tank was likewise very black and sticky. Probably 
this black scale-like substance was ferrous sulphide, resulting from 
incomplete precipitation of the copperas by the lime and subsequent 
reduction of the sulphate under the anaerobic conditions developed 
in the tank Septic action was frequently noted during this period, 
with consequent unloading of suspended matter. The odor of hy- 
drogen sulphide was distinctly perceptible in the effluent. 

Experiments made in glass jars required considerably more 
lime to secure adequate coagulation than that called for by the 
theoretical reaction taking place between the coagulants. Incom- 
plete mixing and the use of lime for other reactions in the mixture 
probably accounts for the results noted above, the iron being par- 
tially or largely wasted. 
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RESULTS OP INDIVIDUAL RUNS. 

OPERATION. The essential data for indiYidual runs after the 
installation of the lime trough are tabulated in table 54. In general, 
the chemicals were applied between 8 a. m. and 11 p. m., when the 
sewage was strong. At night and on Sundays and holidays, no 
chemicals were used; The average daily number of hours of ap- 
plication was somewhat less than 15, however, owing to occasional 
unavoidable shut-downs, so that the percentage of total operating 
time during which the sewage was being precipitated was corres- 
pondingly reduced. This was also influenced by the number of 
Sundays and holidays occurring during a run. The results obtained, 
therefore, represent a composite of chemical precipitation treatment 
for a portion of the day, with plain sedimentation for the reminder 
and on Sundays and holidays. 

APPLICATION OF CHEMICALS. Some difficulty was experi- 
enced in controlling the application of chemicals with the compara- 
tively crude apparatus at hand, in the small amounts required, hence 
the dosing and mixing were not as uniform as was to be desired. In 
an actual plant handling large quantities of chemicals with better 
mechanical appliances, such difficulties could be largely overcome. 

ANALYSES. Analyses of the day samples of effluent for indi- 
vidual runs (tables 55 and 56) are corrected for dilution, due to the 
water used in applying the chemicals, approximately from 1 to 3 
per cent. Sunday results have been omitted. 

REDUCTION IN SUSPENDED MATTER. Table 55 shows 
the average reduction in suspended matter for individual runs, both 
for the day samples and for the entire 24 hr. The latter represent 
a composite of chemical precipitation and plain sedimentation. In 
general, with copperas and lime, approximately 80 per cent, of the 
suspended matter was removed from the day sewage, with slightly 
lower results for the entire 24 hr. 

The actual efficiency in removiag suspended solids initially pres- 
ent in the sewage was probably somewhat greater than appears. 
With plain sedimentation, this reduction was practically the same 
for both constituents. "With chemical precipitation, the percentage 
reduction of fixed matter was appreciably less than for volatile mat- 
ter, probably because of the escape of fine particles of floe. Hence 
the actual reduction of fixed matter originally present may be the 
same or perhaps greater than for the volatile constituents. The 
effluent passing to the outlet nipples frequently showed visually 
finely divided flocculent matter resembling ferrous hydrate. 
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REDUCTION OF ORGANIC NITROGEN, FREE AMMONIA, 
AND OXYGEN CONSUMED. The reduction in organic nitrogen 
and oxygen consumed for individual runs (table 56) is considerable, 
though by no means approaching the reduction in suspended matter. 
A slight increase in. free ammonia was uniformly recorded. 

REDUCTION IN SOLUBLE CONSTITUENTS. To determine 
the reduction in soluble matter resulting from chemical precipitation, 
a few samples of the effluent were analyzed after filtering through 
absorbent cotton, while the tank was running on a nominal dose of 
4i gr. of copperas and 10 gr. of CaO per gal. Analyses of the cor- 
responding samples of crude sewage were also made after filtration 
through cotton. The results (table 57) indicate a considerable re- 
duction of soluble organic nitrogen, averaging 15 per cent., and of 
oxygen consumed, averaging 42 per cent. Onc^e an apparent in- 
crease in organic nitrogen was recorded. However, the suspended 
matter determinations show the removal, on filtering through cotton, 
in the case of the crude sewage, was not complete, some fine colloidal 
matter passing through. Undoubtedly the apparent reduction in 
organic nitrogen and oxygen consumed is affected, as a portion of 
that recorded as "in solution" may have been in colloidal suspension. 
The actual reductions, therefore, were probably less than those in 
table 57. 

APPEARANCE OP EFFLUENT. On the whole, the appear- 
ance of the chemical precipitation effluent was noticeably better than 
the turbid effluent of the other tanks, never being as turbid, and 
at times was very clear, altho, somewhat colored by the soluble iron 
compounds formed. 

SLUDGE ACCUMULATION. The rate of sludge accumulation ' 
in general exceeded that for plain sedimentation, partly because 
more suspended matter was removed and partly because the precipi- 
tated coagulants themselves form considerable sludge. Moreover, 
all the settled material was retained in the bottom of the tank, in- 
stead of rising in part to the surface as a comparatively dry scum. 
Thus the apparent bulk is increased. The rates of accumulation for 
individual runs (table 58) vary considerably, especially when meas- 
ured at frequent intervals, due to slight variations in density of 
the sludge from day to day and the difficulty of accurately measuring 
small increases in volume The average results over periods between 
cleanings and for the entire runs are more consistent, however, indi- 
cating in general a rate of accumulation frequently 2 to 3 times 
that by plain sedimentation. "With smaller quantities of lime, the 
sludge accumulation was less voluminous, probably because the iron 
was not completely precipitated, thus reducing the bulk of floe. 
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TABLE 57. 

CHEMICAL PRECIPITATION. REDUCTION IN SOLUBLE CONSTITUENTS. 
Grains per Gallon: — Copperas, 4.5; Lime, 10. 





Pahts pbh Million 


Percentage 


Determination 


Crude 
Sewage 


Crude 
Sewage 
Filtered 


TankD 
Effluent 


TankD 

Effluent 
Filtered 


In Solu- 
tion 


Reduc- 
tion 
Total 


Reduc- ■ 
tion in ; 
Solution '■ 


Organic Nitrogen. . . 


68 
65 
64 


56 
45 
44 


44 
39 

47 


36 
39 

47 


82 
69 
69 


35 
40 
27 


36 : 
13 . 


Average 


66 


48 


43 


41 


73 


35 


15 


Free Ammonia 


20 
19 
20 


20 
19 
20 


20 
21 
20 


20 
21 
20 


100 
100 
100 




10* 
10* 




10* 
10* , 


Average 


20 


20 


20 


20 


100 





o' 


Oxygen consumed. . 


252 
237 
260 


219 
197 
203 


117 
135 
132 


117 
127 
112 


87 • 

83 

78 


■ 54 
43 
49 


47 
36 
45 


Average. . ; 


250 


206 


128 


119 


82 ■ 


51 


42 


Suspended Matter . . 


650 
490 
460 


133 

74 
120 


150 

200 

70 




20t 

■ 14t 

26t 


77 
59 
85 


•' 


Average 


533 


109 


140 




20t 


74 





* Denotes increase, 
t Passing filter. 



The results of these experiments are a composite of chemical 
precipitation for a portion of the day with, plain sedimentation for 
the remainder. By far the greater amount of sludge accumulated 
during the hours of chemical application, so little deposition ap- 
parently taking place from the week night and Sunday sew.age, 
that the use of chemicals at such times appears unnecessary. Hence 
the results obtained are typical of actual conditions. Occasionally 
when the tank was cleaned with difficulty, the measurements were 
discarded. However, the results included are believed to be reason- 
ably accurate. 

SCUM FORMATION. With more efficient precipitation, the 
trouble from' scum foi-mation incident to the operation of the plain 
sedimentation tanks practically disappeared. Scum was entirely 
absent most of the time, although continually present on the surface 
of the plain sedimentation tank. Small greenish clots of ferrous 
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TABLE 58. 

CHEMICAL PRECIPITATION. 
Removal of Sludge and Scum. 



Date 



Cu. Yds. of Sltjdge pee Mil. 
Gal. Since 



Last Last - 

Measurement Cleaning 



Start 



Remarks 



1913 
Aug. 28. 

Sept. 4. 

5. 

6. 

8. 

9. 
11. 
18. 
20. 
23. 



Run No. 1, 5.5 gr. Copperas and 

isio 



14.7 

0.0 

6.2 

4^3 

36.4 

19.8 

32.4 

20.5 



14.7 

7.1 

6.6 

6.2 

14.8 

19.8 

32.4 

25.0 



10.3 gr. Lime 

isio 

14.9 
13.2 
11.9 
11.3 
14.9 
16.4 
17.8 
18.1 



per gal. 

Started run. 

1.2 cu. yds. scum removed. 

Cleaned. 

Cleaned. 



Cleaned. 
Cleaned. 



End of run. Cleaned. 



Oct. 



17. 
24. 
31. 

Nov. 5 . 



Run No. 2, 4.5 gr. Copperas and 10.2 gr. Lime per gal. 

Started run, 
20.8 



,20.8 

21.8 
21.4 
19.7 
31.0 



20.8 

2i!8 
21.4 
19.7 
31.0 



21.5 
21.4 
20.9 
22.7 



Cleaned. 

0.2 cu. yds. removed. 

Cleaned. 

Cleaned .- 

Cleaned. 

End of run. • 



Run No. 3, 3.5 "gr. Copperas and 9.9 gr. Lime per i 



Dec. 15 


31.0 
14.5 


17.5 


15.8 




23 


Partially cleaned. 


26 


1914 

Jan. 3 


End of run. 



Run No. 



Jan. 5 


i6;2 


i6;2 




Started run. 


8 




15 


Removed 1.17 cu. yd. 


17 


End of run. 



Jan. 19 


9.9 
13.9 
11.7 
21.4 


9.9 
13.9 
11.7 
15.4 


9.9 
10.7* 
10.9* 
12,0* 


Started run. 


26 




Feb. 2 


Removed 1.28 cu. yd. 


5 




7 


End of run. 



May 11. 

13. 

18. 

25. 
June 1 . 



Run No. 6, 3.5 gr. Copperas and 5.1 gr. Lime per gal. 



Feb 13 


16.8 
2.3 
3.1 
3.5 


16.8 
8.9 
7.4 
3.5 


16.8 
8.9 
7.4 
6.4* 




19 




28 




Mar. 5 




14 


End of run 



Run No. 7, 2.4 gr. Copperas and 5.2 gr. Lime per j 



Mar. 18 


9.8 

7.9 

10.5 

12.3 

7.8 


9.8 
9.1 
9.4 
12.3 
9.3 


9.8 
9.1 
9.4 
9.7 
9.4 




• 20 :::.... 


Tank mea^tured. 


27 




Apr. 4 




13 


Removed 8.6 cu. yd. 


16 




22 


End of run. 



Apr 22 


Rui 


1 No. 8, 5.2 gi 


. Copperas an 


d 5.5 gr. Lim€ 

'i'.G 
5.0 
7.0 


per gal. 
Start of run. 


27 


1.6 
8.9 
9.1 


1.6 
8.9 
9.0 


Removed 4 cu. yds. 


May 1 




11 


Run ended May 9th. 



Run No. 9, 4.9 gr. Copperas and 6.0 gr. Lime per gal, 

Start of run, 

6.2 

15 .9 

11.3 

10.0 



6.2 
15.9 

8.1 
10.0 



6.2 
13.2 
10.6 
10.4 



Removed 5 cu. yds. 

Removed 3.8 cu. yds. 
Run ended May 29th. 



* Does not include entire run. 
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hydrate, with suspended matter enmeshed, or a fine black scale-like 
film, were consistently present on the surface, sometimes in consider- 
able amounts, although never sufficiently to form a continuous mat. 
The clots probably resulted from the entanglement of the lighter 
suspended material, such as bits of hay, chaff, etc. "When alum was 
substituted for the copperas, scum formation became pronounced, 
the* alum floe apparently being lighter than the copperas floe, with 
less weight to hold settled matter down. Similar results were noted 
in the laboratory experiments. 

SLUDGE ANALYSES. Typical analyses (table 59) show a 
sludge slightly heavier and somewhat lower ,in moisture than that 
from the other sedimentation processes. The proportion of volatile 
matter is distinctly less than in the fresh sludges from plain sedi- 
mentation, being about two-thirds as great, doubtless on account of 
the mineral content added by the chemicals. T^or the same reason, 
the nitrogen and fat bear a smaller ratio to the total weight of dry 
material than in the plain sedimentation sludges. 

In general, the sludge run from the tank was of a dirty greenish- 
gray or black color, with a peculiarly sweet sickish or metallic odor, 
which was very disagreeable. With the smaller quantities of lime. 



TABLE 59. 

CHEMICAL PRECIPITATION. 
Analyses of Bottom Sludge. 





Specific 
Gravity 


Percent 
Moisture 


Calculated to Dry Weight — 
Pbecbntagb 




Nitrogen 


Volatile 
Matter 


Fixed 
Matter 


Ether 
Soluble 


1913 

Aug. 1 

8 


1.02 
1.01 
1.03 
1.04 
1.04 
1.04 
1.04 
1.02 
1.03 
1.04 
1.03 

1.02 
1.03 
1.03 


83.3 
92.7 
89.0 
88.4 
89.8 
95.0 
89.7 
92.1 
89.6 
85.0 
90.3 

91.5 
91.1 
89.2 


2.72 
2.36 
2.08 
2.56 
1.92 
1.92 
1.92 
1.76 
2.08 
2.08 
2.88 

2.24 
2.16 
2.16 


69 
67 
52 
52 
■ 46 
49 
55 
62 
54 
71 
65 

66 
72 
63 


31 
33 

48 
48 
54 
51 
45 
38 
46 
29 
35 

34 

28 

■ 37 


6.1 
4 


15 


4 9 


Sept. 4 


4 3 


11 


4 


18: 


4 4 


25 


t; .•; 


Oct. 10 


5 6 


17 


4 8 


24 


6 4 


Dec. 23 


6 6 


1914 

Feb. 9 


9 2 


Mar. 27 


9 8 


Apr. 27 


9.1 




Average 


1.03 


89.5 


2.20 


60 


40 


6.1 
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the black color became more frequent, due to incomplete, precipita- 
tion of the iron with consequent reduction to ferrous sulphide, thus 
giving the sludge its black appearance. The influence of this factor 
on the volume of sludge deposited has already been 'noted. 

CLEANING. The high rate of sludge accumulation made fre- 
quent cleaning imperative, as a tendency to unload was noted when 
the sludge level was allowed to rise too high in the tank. Septic condi- 
tions also developed on too protracted storage, and boiling, accom- 
panied by the rising of sludge from the bottom, was occasionally 
noted. 

In general, cleaning was accomplished with comparativley little 
difficulty. Occasionally, however, the same trouble developed as 
noted before, that after' a little sludge had been run out, the clear 
overlying sewage would break through. Septic conditions frequently 
accompanied these difficult removals. 

COST OF CHEMICALS. Lime for all these experiments was 
obtaiaed from the Marblehead Lime Co. As a basis for estimate, 
for deliveries in bulk on a large scale, f. o. b. Chicago, a price of 
$5.70 was secured per ton with a guarantee of 90 per cent, of CaO 
and a IJ per cent, bonus or penalty for each 1 per cent, variation in 
either direction, or $5.40 for an 85 per cent, guarantee with a 1^ 
per cent, bonus or penalty. This scheme follows the practice at St. 
Louis, Mo., when obtaining bids on large quantities of lime for water 
purification. On either basis the theoretical price of pure CaO 
would be about $6.35 per ton. The higher grade lime would be pre- 
ferable, thus costing $0,455 per million gallons of sewage per grain 
of CaO per gallon. To cover slight deterioration in storage, im- 
perfect mixing, incomplete solution, etc., this cost may be rounded 
to $0.50 per million gallons for 1 grain CaO per gallon. 

Although hydrated lime was used for experimental purposes, the 
use on a large working scale would not be economical, except in a 
small plant where greater ease of application and lower deteriora- 
tion during storage would offset the element of lower cost The 
price quoted per ton was $7.60, which is equivalent to about $10.00 
per ton of CaO, if 100 per cent. pure. 

The copperas, obtained from the American Steel and "Wire Co,, 
is a by-product in the manufacture of steel wire and is sold for water 
purification purposes under the liame of "sugar" sulphate. A price 
of $11.00 per ton delivered in barrels or 100-lb. bags, $10.00 delivered 
in 200-lb. bags or $9.00 delivered in bulk was quoted f. o. b. Chicago. 
98 per cent, pure Fe SO^ .7 H^O is guaranteed, with a claim that 102 
or 103 per cent, purity sometimes occurs due to the loss of some 
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water of crystallization. $9.00 per ton is equivalent to $0.64 per 
mil. gal. for each gr. per gal. applied. Although this product is 
of a high degree of purity, deteriorating little on storage, a figure 
of $0.65 is adopted to cover a slight loss. 

Alum in carload lots, at the Union Stockyards, costs about 
$15.80 per ton, with a content of about 17 per cent, of alumina.- 
This is equivalent to $1.15, in round numbers, per million gallons 
for each gr. per gal. applied. This is considerably more than the 
cost of copperas and unless a substantial reduction is possible, either 
in the amount of lime required or in the amount of coagulant itself, 
the use of alum would hardly prove economical under these condi- 
tions. 

THBOEETICAL CHEMICAL REQUIREMENTS. The reac- 
tion for the combination of copperas and lime may be written 

CaO+H^O+Fe SO^ .7 H^O^Ca SO^+Pe (OH)2+7H20, 
The theoretical combining weights of the iron and lime are in the 
proportion of 56 to 278. Hence 1 gr. of copperas should require 
approximately 0. 19 gr. of lime for complete precipitation. This 
would indicate that only a small portion of the lime added is re- 
quired by the iron. 

Ordinarily sewage is alkaline, but the alkalinity is usually bi- 
carbonate alkalinity. Observations at the Lawrence testing station 
years ago indicated that the precipitation of the iron did not occur 
in the presence of bicarbonate alkalinity, but only when lime was 
present as hydrate or normal carbonate. Hence an excess of lime is 
required to combine with the iron, and excess of COj over that re- 
quired to form bicarbonate. Possibly an excess combines directly with 
the organic matter present. Experiments made in glass jars, adding 
copperas at the rate of 34 gr. per gal. showed an acid reaction to 
phenolphthalein with approximately 3 gr. of lime per gal., whereas 
4 gr. produced an alkaline reaction. In both cases, thie precipita- 
tion of ferrous hydrate was very slight The use of 5.5 gr. of lime 
produced a fair precipitate, while with greater amounts the coagula- 
tion was correspondingly more rapid. However, after a consider- 
able period of settling the results obtained with the lower amounts 
of lime appeared visually substantially as good as those with the 
higher amounts. With lime alone, about 1^ gr. per gal. was neces- 
sary to make alkaline to phenolphthalein. 

To confirm the small scale tests, further experiments were made 
in barrels, holding about 40 gal., by adding 3^ gr. of copperas per 
gal. and lime at the rate of 4 and 5 gr. per gal. Both barrels were 
thoroughly stirred after adding the lime. With the greater amount 
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of lime, a heavy floe quickly formed while with the smaller amount, 
the precipitate was somewhat slower in forming and was more 
finely divided. However, at the end of 2 hr., a very clear supernatent 
liquor was obtained from "both barrels, samples taken about 6 in. 
below the surface containing only 76 and 40 p. p. m. of suspended 
matter, respectively. With the lower amount of lime, a very slight 
turbidity was noted at the end of 2 hr., but with the higher dose 
none was observable. A third barrel of sewage settled without the 
addition of chemicals contained 272 p. p. m. of suspended matter 
at the end of 2 hours. 

These experiments indicate that, with very thorough mixing, 
from 4 to 5 gr. of lime per gal. are required for the precipitation of 
this sewage, using 3^ gr. of copperas per gal. As the utilization of 
the lime may not be complete, somewhat more or at least 5 gr. per 
gal., would be required in actual, practice. These experiments were 
all made during the winter months. Seasonal variations in the char- 
acter of the sewage may extend these limits. Barrel experiments 
showed that a good floe occurred with alum alone in amounts vary- 
ing between 2.5 and 5 gr. per gal. If the use of lime can thus be 
dispensed with, it is possible that alum may prove slightly more 
economical than copperas. 



110 



CHAPTER X. 



SLUDGE TREATMENT. 

GENEEAL. In any tank treatment of sewage, the disposal of 
the sludge needs careful consideration. With the Center Ave. sew- 
age, the exceptionally large volume of sludge per million gallons 
renders this phase of the situation of particular importance. Sludge, 
removed from the settling tanks, is a viscous semi-liquid mass, high 
in moisture. The first step in its disposal ordinarily involves the 
reduction of the contained moisture to a sufficient degree to allow 
the sludge to he readily handled. In the past this has generally 
been accomplished by land drying, under suitable conditions, either 
natural or artificially created, or, by some mechanical means such 
as pressing, centrifuging, or the like. 

In these investigations drying on underdrained beds of sand has 
been tried, and the feasibility of drying sludge by filter-pressing has 
been tested. A number of samples were analyzed for calorific values. 
Other samples were analyzed to determine the value as a fertilizer. 

BEDS. Of the sludge beds already described (cf. chap. IV), the 
underdrained beds were built up of the following material, the sand 
forming the top layer, and the. depths being measured at the center 
of the filter : 

Position Material Depth in Inches 

Bottom ll^ to 2 inch stone 2 

Concrete stone 1^ 

Roofing gravel 1% 

Surface Torpedo sand 1 

During the summer and fall of 1913, most of the beds were re- 
sanded to a depth of about 2 inches. 

CHARACTER AND AMOUNT OF SLUDGE. Sludge and scum 
accumulated in varying amounts in the various tanks. In general 
a rate of from about 1 to 14 cu. yd. of sludge and from 1 to 13 cu. yd. 
of scum per mil. gal. were accumulated in the Dortmund tanks with 
plain sedimentation, based on the results of individual measure- 
ments. Long term averages gave a rate of about 3 cu. yd. of sludge 
and 3 cu. yd. of scum per mil. gal. for Tank C, while the correspond- 
ing figures for Tank D were approximately 6 and 3.5 cu. yd. for 
sludge and scum respectively. The Emscher tank averaged about 7 
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eu. yd. of sludge and 1.3 cu. yd. of scum per mil. gal. for its entire 
period of operation. Individual measurements during early opera- 
tions sometimes showed a negative increase. During the summer 
of 1913, no scum was removed. In chemical precipitation, the vol- 
ume of sludge fluctuated greatly, exceeding 30 eu. yd. per mil. gal. 
at times. These figures for sludge are all based on the volumes 
measured in situ in the tanks. As treated on sludge beds these 
volumes would necessarily be somewhat greater, since the removal 
of a certain aniount of the overlying sewage seems to be unavoidable, 
when complete sludge removal is attempted. 



TABLE 60. 

VARIATION IN MOISTURE CONTENT OF SLUDGE. 





Pee Cent Moistube 


Source 


Sludge 


Scum 


In Tank 


On Bed 


On Bed 




Min. 


Max. 


Avg. 


Min. 


Max. 


Avg. 


Min. 


Max. 


Avgi 


Tank C 

TankD 

Tank B 

Chem. Pre 


89.5 

84!3 
83.3 


92.7 

94;? 
92,1 


90.9 

9i;4 
89.5 


91.7 
91.8 
92.1 

88.5 


98.1 
98.9 
95.1 
96.2 


94.9 
94.5 
93.2 
92.5 


79.8 
79.0 

8i!3 


84.4 
86.7 

93^2 


83.4 
82.3 
80.9 
86.3 



Table 60 shows that the sludge as applied to the beds averaged 
about 94 per cent, moisture, with maximum variations in either 
direction of about 4 per cent. The scums averaged about 13 per 
cent, less in their moisture content. For the sludges, there ig some 
increase in moisture on withdrawal, the resulting increase in volume 
of sludge being considerable. 

The sludge from the Emscher tank was uniformly black, with 
a fine-grained even texture, whereas the sludges from the other 
sedimentation processes, including chemical precipitation, were 
smoother in texture as a rule and more sticky. The scums were 
isticky, containing much fibrous material. 

DRYING BEDS, GENERAL. Tables 61, 62; 63 and 64 record 
the depths of sludge applied to the beds, the original moisture con- 
tent, the time required to bring the sludge to a proper condition 
for handling, with percentage reduction in volume and moisture 
content at that time. The final moisture content after varying pe- 
riods of drying on the ground, following removal from the beds, is 
also shown together with pertinent meteorologicaL data. 
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DEPTH. Sludge was run onto the beds in depths, up to 2 ft., 
that being the maximum capacity of the bed. The depth of appli- 
cation of scum was usually less than 1 ft., owing to the small quan- 
tities ordinarily removed. 

At the time of removal from the bed, the diminution in volume 
of the sludges ranged from 28 to 85 per cent. Ordinarily, however, 
a reduction of between about 60 and 75 per cent, occurred, the va- 
riations of course depending largely on the original moisture con- 
tent of the sludge and the content at time of removal. The sludge 
from the Emscher tank appeared to diminish slightly less in volume 
than that derived from other sources, possibly on account of the 
porous character, by which the contained water drained away with 
less disturbance to structure than was the case in other sludges. 
The initial depth on the bed did not always control the final volume, 
for, as the decrease is primarily a function of reduction in moisture, 
the original depth of application would have little effect in this 
particular. 

The scums consistently' showed a considerably smaller decrease 
in volume because of the lower initial moisture content and smaller 
total loss of moisture. The reductions ranged from to 61 per cent., 
being ordinarily from 30 to 40 per cent. 

TIME OF DRYING. Considerable difference was noted in the 
time of drying of sludges from the different tanks. The Emscher 
tank sludge showed a marked superiority, in warm dry weather 
the surface being usually dry within 24 hours after removal from 
the tank, with surface cracks beginning to appear and the sludge 
drawing aw'ay from the sides of the bed. "Within six or seven days, 
the sludge was consistently spadeable and removable even though 
applied in depths as great as 2 ft. In case of necessity, this time 
could probably be reduced somewhat. No water ever appeared on 
the surface of the sludge, the porous character of the mass appar- 
ently allowing rapid drainage. Samples placed in k glass graduate 
showed the characteristic behavior of Emscher sludge, the sludge 
mass rising to the surface in 5 or 6 hr., leaving a layer of clear liquid 
underneath. This process was reversed for the Dortmund and chem- 
ical precipitation, sludges, the liquid rising to the top. 

"With sludge from plain sedimentation tanks of the Dortmund 
type, the time required for drying varied from 6 to 22 days, the 
miaimum time of 6 days occurring but once, few sludges of this sort 
being removable in less than 12 days. Several factors influence the 
variations noted, such as the meteorological conditions prevailing 
during the drying interval, original depth on bed, moisture content 
and variations in consistency. The sludges from the Dortmund 



117 

tanks were much more sticky than the Emscher sludge and parted 
with their moisture much less readily. Surface evaporation un- 
doubtedly played a more important part in their, drying, as water 
frequently rose above the surface to a depth of several inches. 

The scums, in spite of their initially lower moisture content and 
uniformly thinner depth of application, frequently required a longer 
interval for drying. The fibrous material, prominent in their com- 
position, was very retentive of moisture. Even where very thin 
layers were applied, the scum remained sticky for long intervals. In 
depths from 0.21 to 1.65 ft., the required drying period ranged from 
7 to 29 days, 10 or 11 days being ordinarily a minimum. 

For chemical precipitation sludge, the. drying period was usually 
more prolonged than for. the plain Dortmund sludge. The gelatin- 
ous iron hydrate present in the sludge apparently interfered with 
the removal of moisture. At certain times the solid matter settled 
to the bottom of the bed, the water rising to the top. Then surface 
evaporation was probably primarily responsible for drying, whereas 
at other times the sludge remained in one sticky mass for days at a 
time. Septic conditions sometimes developed after application to 
the beds, large quantities of gas being liberated. The difference in 
drainability of the various sludges was brought out by the behavior 
of the underdrains. ^hen Emscher sludge was applied to the beds, 
the drains begin flowing freely almost immediately, showing the 
drying to be largely due to the escape of water from below. "With 
the chemical precipitation sludge on the other hand, the underdrains 
were frequently very slow to begin discharging and the amount of 
water removed in this manner was much less. With applicatons 
from 0.84 to 2.03 ft. deep, the period of drying varied from 6 to 28 
days. The sludge requiring 6 days was an exceptionally thin sludge 
applied to a depth of about 1.0 ft. Ordinarily 18 to 20 days were 
required during hot summer weather. 

REDUCTION OP MOISTURE. When removed from the sludge 
beds, the contained moisture ordinarily averaged from 70 to 77 per 
cent. In this condition the sludges were somewhat moist, espe- 
cially in the interor of the mass, but could be readily spaded. 

After removal from the beds, they were placed in small piles 
on the ground in the vicinity of the plant. On some occasions, how- 
ever, the'sludge was not removed immediately on reaching a spade- 
able condition. Protracted periods of drying, from 67 to 112 days 
(including time on beds), showed final moisture contents varying 
between about 35 and 70 per cent. Climatic conditions largely af- 
fected these results, but during the summer and fall, a reduction to 
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50 or 60 per cent, moisture ordinarily obtained, tlie sludges then 
appearing comparatively dry and earthy. 

CLIMATIC CONDITIONS. The sludge beds were constructed 
in the open, sheltered on the south and west by the tanks, but other- 
wise exposed freely to the sun, air and weather. The figures for 
precipitation in the tables are taken from the daily records at the 
testing station rain gauge, while the air temperatures are taken from 
the monthly summaries of the U. S. Weather Bureau. 

Weather conditions undoubtedly affected the drying of sludge 
to a considerable extent. The sludge from the Emscher tank prob- 
ably suffered less from low temperatures >and heavy precipitation 
than did the other sludges, since the withdrawal of water was ap- 
parently largely from below and the sludge was more porous and 
easily drained. In the other sludges, surface evaporation appeared 
of greater importance as the water frequently flushed to the surface, 
remaining until evaporated. Consequently warm dry weather would 
aid quicker drying. The non-porous character of the sludge also 
retained moisture falling on its surface, thus delaying the drying. 
The effect df covering the beds was studied during the spring of 
1914 (table 64), when one sludge was run out to equal depths on 
two beds, one having an opaque cover. The covered bed required a 
considerably longer interval for drying, and on removal the residual 
moisture content was somewhat higher than for the uncovered 
sludge. 

During the winter of 1912, the sludge on the beds froze during 
December, remaining frozen until spring. Further reduction of 
moisture was largely prevented. With tank treatment requiring 
the discharge of fresh sludge at frequent intervals, considerable re- 
serve sludge area would be required, as the freezing of the sludge 
on the beds interferes with removal as well as drying. The freezing 
and consequent expansion of the sludge mass may, however, have a 
helpful effect in rendering it more porous, thus facilitating drying 
with the return of warm weather. 

ODOE. The sludge removed from the Emscher tank was in- 
offensive, although traces of hydrogen sulphide occasionally were 
found. On the beds and dried, this sludge was entirely inoffensive, 
having only a slight tarry odor, noticeable only close to. The 
sludges from other sources were frequently offensive on removal, 
and, while drying, odors were noticeable in the immediate vicinity 
of the beds. The scum from the gas vent of the Emscher tank was, 
however, offensive in odor, though not as markedly as the sludge 
from other tanks. 

PILTEEING MATEEIAL. No filtering material was renewed 
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until the fall of 1913, when all of the sludge beds, except No. 2, were 
resanded to a depth of about two inches. The entire sand layer had 
then been removed, the sludge being discharged directly upon the 
underlying gravel. The remaining material was thoroughly washed 
to remove sludge whith had penetrated into the deeper layers, and 
was graded in size in replacing. The dates of renewal, the approx- 
imate amounts of sludge previously treated per square foot of area, 
and the number of applications of fresh sludge are given in table 65. 

TABLE 65. 

HISTORY OF SLUDGE BEDS. 





Date Eesanded 


Cu. Yd. Sludge 


No. Applications 


Bed No. 


1913 


Treated per Sq. Ft. 


of Sludge 
(Bed cleaned) 


1 


Sept. 20 


0.21 


7 


2 


Not resanded 






3 


Oct. 4 


0.34 


7 


4E 


Sept. 20 


0.30 


9 


4W 


Sept. 20 


0.26 


8 


5E 


Oct. 14 


0.39 


7 


5W 


Oct. 3 


0.39 


6 


6 


Oct. 14 


0.32 


7 



The original depth of sand on all beds was -one inch. If en- 
tirely removed when the beds were resanded, an average of one- 
eighth of an inch might be charged against each cleaning. Cleaning 
during the winter, when the beds were frozen, probably removed 
more as frozen sand, adhering .to the overlying sludge, came away 
in large quantities. Ordinarily the adhesion between the sand and 
sludge was very slight, only a very thin surface coating appearing 
on the bottom of the sludge. "When discharged directly on the 
gravel, the adhesion was greater, the liquid sludge apparently flow- 
ing into voids of the gravel, keeping the stbnes embedded when dry. 
With careful operation, it seems as though 12 to 15 cleanings would 
be the maximum per inch of sand. 

UNDERDRAINAGE. With the Emscher tank sludge, the un- 
derdrains began flowing freely almost as soon as the sludge was run 
on, showing the ready drainability of this sludge. With the other 
sludges the discharge was less rapid as- a rule and smaller in amount. 
In the analyses made of the effluent from the underdrains (table 66), 
occasional high results for organic nitrogen and oxygen consumed 
occurred, but as a rule the former constituent was low in amount. 
The free ammonia was universally high, indicating apparently that 
some oxidization of the organic nitrogenous matter had taken place. 
There was little nitriflcation, however. The liquid was normally 
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yellowish in color and clear, and being small in amount could prob- 
ably be discharged with the tank effluent, or passed to sprinkling 
filters. 

TABLE 66. 

SLUDGE DRYING EXPERIMENTS. 

Analyses of Effluent from Sludge Bed Underdrains. Plain Sedimentation Sludge from 

Dortmund Tank (Tank D). 





Parts pbb Million 




Date 
1912 


Nitrogen as 


Oxygen 
Cons. 


Reuabkb 


Organic 
Nitrogen 


Free 

AmrnoTiiil 


Nitrites 


Nitrates 


Oct. 7 


'157 
53 
9 
12 
15 
12 
68 
33 


"i4.4 
135 

79 

88 
125 
148 
110 
119 


0.064 
0.000 
0.000 
0.002 

6! 150 
0.000 
0.440 
0.110 
0.004 
0.004 


0.94 
0.23 
0.28 
0.29 

6;66 

0.00 
1.00 
0.31 
0.72 
0.60 


76 
67 
61 
82 

107 
47 
50 
63 
63 

101 
80 


First flow 


8 


Second day 
Third day 
First flow 
Composite 
First flow 


9 


25...., 

26. 


Nov. 9 


9 


Composite 
First finar 


22 


22 


Composite 


Deo. 4 


4 


Composite 



PLIES. During the summer, the surface of slow drying sludge 
on the beds became baked to a thin hard crust, under which prolific 
growths of maggots were frequently uncovered, The same phe- 
nomenon occurred on the surface scum on the tanks. The drying 
sludge apparently affords a very favorable breeding place for flies. 
With quick drying sludge this condition does not prevail. 

MINERALIZATION OF SLUDGE. Typical analyses of the 
changes in nitrogen, fat and volatile content of air-drying sludges 
(tables 67 and 68) show that after 2 to 4% months of drying on the 
sludge beds and on the ground, the sludges and scums from all 
sources consistently decrease in percentage of volatile constituents. 
This may be due in part to leeching out of the volatile matter by 
the rains, but in the main it represents true mineralization or vola- 
tilization of the organic contents of the sludge. The reduction in 
percentage of volatile matter varied from 4 to 34 per cent., the well- 
digested Emscher sludge and the sludge from chemical precipitation 
showing in general the smallest loss of volatile matter. The latter 
sludge, containing a large volume of iron hydrate, is initially lower 
in volatile matter than the other fresh sludges. In some cases a 
perceptible decrease in volatile content was noted after but a brief 
period of drying. 
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In general, the nitrogen content showed a decrease after pro- 
tracted drying, thongli not universally. The occasional increase 
found may be due to lack of representative sampling as an actual 
increase would hardly be expected. A loss in fat was noted con- 
sistently when this determination was made oh the dried sludge. 

GRIT CHAMBER SLUDGE. When the grit chamber was 
cleaned, the sludge was iiushed into the waste drain. No drying 
experiments were made. However, this sludge was low in moisture 
and organic matter and being small in amount, should ofEer no diffi- 
culty in handling. 

SECONDARY SETTLING BASIN SLUDGE. Very little has 
been done with this sludge, but the indications are that in thin lay- 
ers it will dry very readily, largely from below, in this respect re- 
sembling the Emscher tank sludge. 

SLUDGE PRESSING. 

APPARATUS. During the fall of 1913, experiments were made 
on pressing sludge to reduce the moisture content; with an apparatus 
consisting of a filter press, a pump for forcing the sludge, into the 
press under pressure, a storage reservoir for the sludge, with the 
necessary piping and valves, all located just south of the screen- 
house. 

The filter press, of the Kelly type, loaned by Mr. Emil E. Lung- 
witz of New York City, consisted of a riveted steel cylinder 18 in. 
long and 9% in. in diameter inside, mounted horizontally. The end 
opening was surrounded by a steel bearing collar and was closed, 
when in operation, by a cast steel door sliding on horizontal guides 
attached to the frame. A tight joint was secured by means of a 
circular rubber gasket inserted in the bearing collar against which 
the door was forced tightly by 4 wedges engaging in U bolts and 
tightened by a hand screw arrangement. The filter leaves, mounted 
on the door frame, consisted of two parallel flat bags of heavy woven 
fabric 12 in. long, 6 in. wide and 2 in. apart stretched over rectangu- 
lar perforated pipe frames forming the outlets for the liquid re- 
moved in pressing. For further stiffening, pieces of heavy mesh 
screen were inserted inside each leaf. The total effective filtering 
area was 2.0 sq. ft. The filtrate passed through i/4 in- pipe^ leading 
from the filter leaves through the steel door. The material to be 
filtered entered at the bottom of the press through a one-inch pipe. 
A pressure gage was, attached. 

For forciag the sludge into the press, a Kinney Rotating Plun- 
ger pump, loaned through the courtesy of the local agent, Mr. Carl 
Heim, was employed, consisting essentially of a cylindrical plunger 
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rotating inside the pump casing on an eccentric shaft. The liquid 
is drawn in through the pump suction till the capacity for a single 
stroke is reached, when the supply is automatically cut off by the 
bearing of the plunger against the pump casing, and at the same 
time the discharge is opened. All these operations are effected by 
the eccentricity of the shaft and the design of the suction and dis- 
charge ports and pump casing. The construction is simple, free 
from valves, seemingly well adapted for handling sludge. The pump 
supplied had % in. suction and discharge openings, and, at a speed 
of 600 r. p. m., was rated at a capacity of 6 gallons a minute. It 
was driven by a 1 h. p. induction' motor, 1800 r. p. m., belted down 
to about 500 r. p. m. With this small sized pump some clogging 
occurred, from the large amount of hair in the sludge. The 
sludge was, therefore, passed into the sludge reservoir through a 
screen of 4 meshes to the linear inch. 

Sludge was supplied to the pump from 50 gal. barrels through 
a IV2 in- pipe line. In order to maintain a uniform pressure inside 
the press, a bypass around the pump was provided, in which was set 
a safety valve of the ball and lever type, and a check valve was 
inserted in the force main. "When the desired pressure was attained 
in the press, the safety valve opened, allowing the sludge to cir- 
culate through the pump. The check valve closed until the pres- 
sure dropped sufficiently for the safety valve to close. 

METHOD OF CONDUCTING EXPERIMENTS. Sludge from 
both plain sedimentation and chemical precipitation was used, being 
pumped into the press and kept under pressure for 15 to 60 min., 
or until the filtrate ceased to flow. The pump was then shut down, 
the liquid sludge inside drained out and the cake removed from the 
filter leaves. Samples of the original sludge, the wet sludge from 
the press and the cake formed on the leaves were taken for mois- 
ture analysis and a sample of the filtrate was collected for the de- 
termination of organic nitrogen, free ammonia and oxygen con- 
sumed. The weights of the filtrate and sludge cake were also re- 
corded. Frequent readings of the pressure gauge were made. 

In a few experiments the draining of the wet sludge from the 
press wSs followed by the application of compressed air in the 
attempt to still further reduce the moisture content in the sludge 
cake. Owing to the small size of the compressor available (2i^x3 
in.), uniform pressure could not be maintained in the air tanks (ca- 
pacity 10.4 cu. ft.). They were filled to about 22 lb. per sq. in. gage 
and then discharged till the pressure had dropped to 5 or 6 lb. Part 
of the runs were made in duplicate and part as individual tests. 
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EBSULTS. In the individual experiments (table 69), the sludge 
varied considerably in moisture content, running between 90.1 and 
98.7 per cent., or somewhat higher than in the tanks. In 2 minutes 
time the press was filled and put under pressure ordinarily between 
70 and 80 lb. per sq. in. At pressures exceeding 90 lb., it was found 
impossible to make the press watertight around the gasket. In 
general with most sludges, about 15 min. was required for one cycle 
after the working pressure had been reached, the amount of water 
removed thereafter being insignificant in amount on account of the 
gradual clogging of the sludge cake. Hence most of the tests were 
made in approximately 15 min. The sludge used in test No. 3 was 
exceedingly thin, the run extending over one hour before clogging 
became pronounced. In fact this sludge was sq thin that in attempt- 
ing to run a second test with it, complete failure resulted, as the 
pressure apparently distended the filter bags sufficiently to pass the 
thin sludge through practically unchanged. 

At the conclusion of the cycle, the liquid sludge was withdrawn, 
the press opened, and all the sludge adhering to the filter leaves 
was treated as sludge cake. This cake ordinarily averaged about 
1/^ in. thickness, being moist and sticky on the outside with a drier 
layer adjacent to the filter leaves. When compressed air was ap- 
plied at the rear of the press after the withdrawal of the liquid 
sludge, the additional water forced out varied from 2.8 to 12.5 per 
cent, of the total volume accumulated. The initial air pressure 
varied from 20 to 23 lb. per sq. in., dropping to a final pressure of 
5 or 6 lb. per sq. in. In general the sludge cake treated with air 
appeared slightly drier than that resulting from pressing alone. 

Irrespective of the initial moisture content, a reduction to about 
75 per cent, moisture, figured on the wet basis, was in general se- 
cured. Although most air dried sludges may be readily handled at 
a moisture content no lower than this, the sludge cake removed 
from the press was uniformly too sticky to be readily handled, even 
though much firmer than the original wet sludge. The greasy slimy 
nature of the sludges employed interfered with the efficiency of the 
process. A subsequent short period of air drying would probably 
suffice to make the pressed sludge fit for handling, although adding 
to the expense of treatment. Higher pressures both in pressing 
and in air treatment, subsequent to pressing, might increase the 
efficiency of the process. However, continuous rehandling of the 
liquid sludge remaining in the press at the end of a cycle is trouble- 
some. Moreover, some of the wet sludge adheres to the filter leaves, 
thus increasing the moisture content of the cake. A press with 
chambers in the form of thin flat cells, treating all sludge pumped 
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in during a cycle without rehandling would seem more economical 
of time and power. 

Slight differences appear in the moisture content of the original 
sludge and wet sludge from the press (table 69), which are prob- 
ably errors in sampling and analysis rather than a real change in the 
composition of the sludge. 

Assuming the entire filtrate to come from the sludge cake re- 
maining on the filter leaves, and adding the weight "of the sludge 
cake and filtrate, the weight of the original sludge treated is ob- 
tained. With a total effective area in filter leaves of 2.0 sq. ft., the 
sludge treated during one cycle varied from 3.61 to 26.92 lb. per sq. 
ft. of filter area. In general from 4 to 7 lb. was handled, however, 
the maximum yield being obtained from a sludge exceptionally high 
in moisture. Assuming that one cubic yard of sludge weighs 1740 
lb. (sp. gr. 1.03), this would represent treatment at the rate of from 
0.0021 to 0.0155 cu. yd. per sq. ft. per cycle. Under the conditions 
obtaining, about 15 min. were required for actual pressing. Hence 
at least 30 min. appear necessary for all operations incidental to a 
complete cycle, and 16 cycles might -be made in an 8-hr. day with no 
allowance for repairs, shut-downs, etc. This would produce a rate 
of from 0.034 to 0.25 cu. yd. per sq. ft. per day of 8 hr. 

TABLE 70. 

ANALYSES OF FILTRATE FROM SLUDGE PRESS. 



■ • 




Parts Per Million 




Test 


Date 








Source of Sludge 








No. 


1913 


Organio 


Free 


Oxygen 






Oct. 


Nitrogen 


Ammonia 


Consumed 




3 


14 


9 


71 




Plain Sedimentation. 


4 


16 


103 


• 241 


i38 


Chemical Precipitation. 


5 


17 


62 


218 


135 


Chemical Precipitation. 


6 


18 


18 


.278 


125 


Chemical Precipitation. 


7 


20 


24 


81 


114 


Plain Sedimentation. 


8 


23 


34 


96 


145 


Plain Sedimentation. 


9 


24 


22 


128 


121 


Chemical Precipitation. 



The filtrate was light yellow in color and somewhat odorous. 
The analyses (table 70) show a content high in organic nitrogen 
and oxygen consumed, and exceedingly high in free ammonia. In 
a system of treatment including sprinkling filters, the sludge press 
filtrate might be discharged into the tank effluent for treatment 
on the filters. ' • 

A few analyses of tlie press cake are as follows : 
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ANALYSES OF SLUDGE CAKE 



Source of 
Sludge 



Specific 
Gravity 



Per Cent 
Moisture 



Dbt Basis — Percentage 



Nitrogen 



Volatile 
Matter 



Fixed 

Matter 



Ether 
Soluble 



Dortmund 
Dortmund 
Chem. Precip. 



1.03 
1.05 
1.07 



80.0 
79.4 
75.8 



3.00 
2.92 
2.00 



69 
73 
58 



31 
27 
42 



10.7 

10.4 

5.7 



The sludge pressing experiments were somewhat disappointing, 
as the cake produced could not be readily handled, although the 
moisture content was materially reduced. However, either higher 
pressures or a somewhat different type of press, or both might mod- 
ify these results. 

SLUDGE VALUES. 

FEETILIZING VALUE. To learn the probable value of the 
sludge as a base for fertilizer, four samples were submitted to Mr. 
W. D. Richardson, the Chief Chemist of Swift & Co., with the re- 
sults shown in table 71. 

The grit chamber sludge was fresh, while the other samples had 
been submitted to protracted periods of air drying on the sludge 
beds, on the ground and at 4he 39th St. pumping station. Some 
mineralization of volatile constituents took place during this period 
of drying, but the loss of nitrogen was slight. 

The results of these analyses were not very promising. Despite 
the high content of organic matter in the Stockyards sludge, the 
nitrogen was not exceptionally high in amount and the other es- 
sential manurial elements were not present in sufficient quantities 
to make their recovery very practical from a commercial standpoint. 
Mr. Richardson stated that the sludges did not appear to have any 
great commercial value as a base for fertilizer. He did, however, 
mention the possibility of using a product, dried and ground, as a 
filler for higher grade fertilizers. Any attempt to use the sludge 
either as a base or filler would, of necessity, require a greater de- 
gree of dryness than is attained even after protracted periods of 
air drying. If a residual moisture content of 15 per cent, is requisite 
for bagging, mechanical drying would be required. It is question- 
able whether the increased cost of such drying would be offset by 
the value of the material as a fertilizer. The high grease content 
also renders the dried sludge unsuitable for fertilizing purposes, 
unless extracted. "With artificial drying and extraction of the fat, 
it is possible that this material can be utilized. 
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TABLE 71. 

SLUDGE DISPOSAL. 
Analyses of Sludge for Fertilizing Value 



Source 



Percentages 



Moisture 



Phosphoric 
Acid 



Nitrogen 



Ammonia 



Potash Sol. 
in Water 



FIGURED TO SLUDGE AS SUBMITTED 

Grit Chamber 32.8 3.12 0.72 0.88 

Dortmund Scum. . 56.6, 0.72 1.00 1.22 

Dortmund Sludge . . 26.0 0.76 1.17 1.42 

EmscherScum 47.7 0.74 1.32 1.60 



FIGURED TO DRY BASIS 



Grit Chamber 

Dortmund Scum. . 
Dortmund Sludge , 
Emscher Scum . . . 



4,64 


1.08 


1.31 


0.03 


1.65 


2.30 


2.80 


0.08 


1.03 


1.57 


1.91 


0.06 


1.42 


2.52 


3.06 


0.09 



CALORIFIC YALUE. The possibility of developing the heat 
values in the volatile constituents of sewage sludge in a practical 
way has been studied by many. In this case, owing to the exception- 
ally high content of volatile matter, the determinations of heat 
values were of unusual interest. Nine samples were submitted to the 
Gulick-Henderson Co. for B. T. U. analysis, at different times, the 
source, condition and serial numbers being as follows : 

SLUDGES FOR B. T. U. ANALYSIS. 
Number. Source and Condition. 

1. Grit chamber; — fresh sludge. 

2. Emscher tank ; — fresh sludge. 

3. Dortmund tank (C) ; — fresh sludge after filter pressing. 

4. Chemical precipitation ; — rfresh sludge after filter pressing. 

5. Dortmund tank (D) ;— scum after air drying 90 days. 

6. Dortmund tank (D) ; — sludge after air drying 100 days. 

7. Emscher tank ; — scum after air drying 80 days. 

' 8. Emscher tank; — sludge after air drying 23 days. 

9. Rotary screen; — fresh screenings. 

The chemical analyses of the fresh and air dried sludges (table 
72) show that the air dried sludges have all lost a portion of volatile 
constituents. The moisture content was materially reduced. In 
table 73 are given the B. T. U. analyses of the samples noted in table 
72, with the percentage of volatile constituents and moisture at the 
time of analysis. On the dry basis, the calorific value of the sludges 
varies almost directly with the amount of volatile matter, suggest- 
ing the desirability of drying fresh sludge as rapidly as possible ta 
obtain the full thermal value, without loss of volatile matter. The 
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TABLE 72. 

SLUDGE DISPOSAL. 
Analyses of Sludge for B. T. U. Determinations. 









Calculated to Dbt Weight 




Serial 


Spec. 


Per 




Percentage 






No. 


Grav. 


Cent 
Moist. 










Remarks 


Nit. 


Vol. 


Fixed 


Ether 








Matter 


Matter 


Sol. 










ORIGINAL SLUDGE 




1 


1.13 


55.4 


0.88 


39.8 


60.2 


2.8 


Grit chamber sludge. 


2 


1.02 


85.3 


2.96 


72.9 


27.1 


4.4 


Emscher sludge. 


3 




96.1 


3.00 


70.6 


29.4 


10.6 


Dortmund sludge. 


4 




90!l 


2.00 


66.8 


43.3 


5.5 


Chemical precip. sludge. 


5 


i;6i 


81.3 


3.36 


74.0 


26.0 


10.4 


Dortmund scum. 


6 


1.00 


95.8 


2.32 


69.5 


30.6 


8.6 


Dortmund sludge. 


7 


1.03 


79;3 


2.56 


73.1 


26.9 




Emscher scum. 


8 


1.02 


91.8 


2.73 


56.5 


43.5 


h'.s 


Emscher sludge. 


9 




85.5 


3.00 


93.5 


6.6 


6.6 


Rotary screenings. 








AT TIME OF B. 


T. U. ANALYSIS 




3 


1.03 


80.3 


3.00 


70.6 


29.4 


10.6 


After pressing. 


4 


1.07 


75.6 


2.00 


56.8 


43.2 


5.5 


After pressing. 


5 




53.4 


2.96* 


69.8* 


30.2* 


8.5* 


After air drying. 


6 




24.1 


2.56* 


41.1* 


58.9* 




After air drying. 


7 




47.3 


2.16* 


60.9* 


39.1* 


'sis* 


After air di^fing. 


8 


iioo 


76.1 


2.92 


54.8 


45.2' 


4.8 


After air drying. 



* About one month before B. T. U. Analyses, 
fresh Dortmund tank sludges contain more heat units than the well- 
digested Emscher tank sludge. The difference between Emscher 
sludges numbers 2 and 8 is interesting. The former represents a 
sample taken before digestion had become established. The latter 
was collected, after the tank had become thoroughly ripened, and 
was air dried for a few days. The reduction in heat value is con- 
siderable. The chemical precipitation sludge with its high content 
of inert mineral matter is lower in calorific value than the other 
fresh sludges. The heat values on the dry^ basis, in general, exceed 
the figures obtained on the 39th St. sludges from similar tanks, when 
handled under substantially the same conditions. The higher con- 
tent of volatile matter at the Stockyards is doubtless responsible 
for this. 

Foreign experiments indicate that sludges containing 60 per 
cent, of moisture can be burned under forced draft without the 
use of additional fuel. As the fresh sludges from the Stockyards 
sewage are considerably higher in volatile matter than those de- 
rived from ordinary sources, incineration should prove correspond- 
ingly more successful. The high initial moisture content is the chief 
obstacle to disposal in this manner. As a basis for comparison, a 
residual moisture content of 50 per cent, may be assumed; then 
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taking 1118 B. T. U. as the amount of heat required to raise one 
pound of water from 60 deg. to 212 deg. Fah. and convert it into 
steam, the theoretical available heat units were computed, as well 
as the theoretical available heat units with the actual moisture con- 
tent at the time of analysis. On the former basis, the fresh, undi- 
gested Emscher sludge, the fresh Dortmund sludge and the fresh 
screenings show values approaching 4000 B. T. U. per pound. The 
air dried Dortmund sludges and scums, the digested Emscher sludge 
and the fresh chemical precipitation sludge, with the lower content 
of volatile matter, show considerably smaller values, while the fresh 
grit chamber sludge with its initially high percentage of inert min- 
eral matter is even lower still. Figured on the original moisture 
content, the number of heat units required to evaporate the moisture 
contained in the frefjh sludges reduces the available calorific value 
to insignificant proportions. Even though allowance is made for 
the heat required to vaporize the contained moisture, an additional 
loss would probably be incurred in volatilizing the fats present, 
part of which would probably be permanent. ■ 

Our experience has shown that long continued periods of air 
drying are required, even under favorable conditions, to reduce the 
moisture content of the sludges to 50 or even 60 per cent., accom- 
panied, moreover, by an appreciable loss of heat-producing eonstit- 
. uents. To dispose of sludge by burning, rapid drying of the fresh 
product, therefore, appears preferable. The filter press did not re- 
duce the moisture much below 75 per cent. 

The calorific value of coal varies per pound from about 7000 
B. T. U. for lignites to 12,500 B. T. U. for high grade anthracites. 
In comparison, therefore, the fresh sludges from plain sedimentation 
and the fresh screenings, with a moisture content reduced to 50 per 
cent., are seen to have a substantial thermal value. 

Artificial drying to attain this moisture content would probably 
be costly from the mere utilization standpoint, but as a means of 
sludge disposal it may prove economical some day. Our results 
. indicate the theoretical heat units available, whereas in actual oper- 
ation, less would be effective as an efficiency of 100 per cent, would 
not be obtained under a boiler. Ordinarily, with coal, an effioiency 
. from 50 to 65 per cent, is secured, and a correction, unknown but 
considerable, would therefore be necessary in applying these sludge 
figures. Special grates and furnaces would probably be required. 
A considerable volume of residue or ash would accumulate, much 
lesas however, than the original sludge. If the sludge is properly 
burned, however, this residue should be entirely inoffensive in char- 
acter, and would be suitable for filling; 
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CHAPTER XI. 



SCREENING. 

COARSE SCREEN. 

RESULTS. The coarse screen protecting the pump was made of 
% in. round bars set to give a % in. clear opening, and inclined at an 
angle of 30 deg. with the horizontal in the direction of flow. It was 
9% in. wide, with a gross area of 1.43 sq. ft. below the flow line. 
The screen was'cleaned with a rake, usually two or three times daily. 
The amount of screenings removed was recorded continuously, the 
monthly averages being given in table 74 and occasional analyses 
of composite samples in table 75. 

TABLE 74. 

COARSE SCREENING. 
Amount of Material Removed by Bar Screen in Pump Well. 



Date 



1912 

Sept. 17 to 30 

October 

November. . . 
December. . . 

1913 

January 

February. . . . 

March 

April 

May 

June 

July 

August 

September. . . 

October 

November. . . 
December. . . 

1914 

January 

February. . . . 
March. . 

April 

May 

Average 



Sewage 
Screened 
Mil. Gal. 



1.521 
3.085 
3.464 
4.197 



4.075 
3.211 
2.997 
3.254 
3.494 
3.761 
4.448 
4.409 
4.646 
5.265 
4.406 
5.262 



3.759 
3.232 
3.247 
3.508 
5.218 ■ 

3.831 



Weight of Moist Screenings — Pounds 



Total 



125 
309 
333 
349 



322 
260 
242 
227 
248 
215 
206 
304 
506 
323 
400 
525 



1068 
477 
154" 
313 
439 

350 



Per Day Per Mil. Gal. 



10.4 


10.3 


11.1 


11.2 


10.4 


9.3 


8.3 


7.6 


8.0 


7.2 


6.7 


9.8 


16.8 


10.4 


13.3 


17.0 


34.4 


17.7 


15.0 


10.4 


14.1 



12.3 



82 

IQD 

96 

83 



79 
81 
81 
70 
71 
57 
46 
69 

109 
61 
91 

100 



284 

148 

47 

89 

84 

91 
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The material removed consisted chiefly of straw, hair, bits of 
meat, skin and similar material. The weight of the moist screenings 
varied from 60 to 75 lb. per cu. ft. The odo,r was usually offensive, 
like decayed meat. Analyses indicated a high content of organic 
matter and nitrogen, as well as fat. The moisture content seems 
large, considering the nature of the material which appeared dry and 
firm. 

The removal was nominal, as a rule from 70 to 100 lb. per mil. 
gal., or as the screenings averaged about 82 per cent, moisture, from 
12 to 18 lb. of dry material per mil. gal. For a testing station these 
results are materially different from those obtained on strictly do- 
mestic sewage, although for working plants- the amounts are within 
the range of variations reported individually. The pipe supplying 
the plant leaves the main sewer about one foot above the invert, 
in a depth of flow around three feet. This may decrease the light 
floating refuse entering the pump well, and as the plant supply is 

TABLE 75. 

COARSE SCREENING. 
Analyses of Screenings. 



Date 


Per Cent 
Moisture 


Calculated to Det Weight — Peecbntaqe 


Nitrogen 


Volatile 
Matter 


Fixed 
Matter 


Ether . 
Soluble 


1912 

Sept. 17 to 22. . . . 

Oct. 5 to 11.... 

21 to 26.... 

Nov. 30 to Dec. 6 

1913 

Feb. 24 to Mar. 2 


85.2 
79.8 
82.0 
84.0 

78.3 


4.24 
4.56 
4.56 
4.96 

4.64 


83.4 
85.7 
88.8 
86.3 

79.3 


'l6.6 
14.3 
11.2 
13.7 

20.7 


12.8 

18.0 

6.9 

13.5 

13.6 



diverted from the sewer at right angles to the direction of flow, the 
coarse material sampled thereby may be decreased also. Most of 
the material actually caught accumulated during the daylight hours, 
thus increasing the rate of accumulation during certain hours, much 
above the average for 24 hours. Hence, in an actual plant larger 
amounts of screenings would doubtless have to be handled, if coarse 
screening is adopted. 

FINE SCREENING. 

GENERAL. The large proportion of coarse fibrous material 
present in suspension suggested the use of fine screening. The- device 
tried consisted of a rotary screen (cf. p. 37), covered with brass 
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wire cloth with 30 meshes per lineal inch, cylindrical in shape, 4 
ft. 8 in. long, with an effective diameter of 2 ft. 4 in., giving a gross 
superficial area of 34.2 sq. ft. The area is diminished, however, hy 
the supporting bands of iron which leave a net effective screen area 
of 29.3 sq. ft. The screen was revolved seven times per minute. 
In a screen of this type, to prevent clogging, the material caught 
must be kept from adhering to the screen, usually by jets of water 
or air. At first a % in. pipe, set parallel to the axis of the screen 
and drilled with 1/16 in. holes, spaced 4 in. apart, was placed about 
6 in. from the screen, being free to move in its supports, and con- 
nected by a flekible hose to the water line. The jets of water im- 
piaged normally on the outer surface of the screen a short distance 
below the top. The pipe was moved back and forth by a pair of 
rollers clamped to it which engaged a helical band of galvanized 
iron encircling the screen, bent to give a backward and forward 
travel of 4 in. in one revolution. This device proved very unsatis- 
factory, as the needle-like jets from the sprinkler pipe only covered 
a very small portion of the screen, and as the cycle of travel was 
the same as .that of the screen, the jets continuously followed the 
same path. A stationary pipe was substituted, into which were 
tapped at 4-in. intervals %-in. nipples, 2 in. long, flattened at the 
outlet end to give a fan shaped spray. To further increase the effi- 
ciency of distribution, these jets were directed against a sheet of 
galvanized iron bent to proper shape to deflect the spray against 
the screen in a continuous film. Water for cleaning was -taken 
through a meter directly from the line supplying the testing station. 

An attempt was also made to investigate the efficiency of com- 
pressed air as a cleaning agent, but the small compressor (2% in. x 
3 in.) available was totally inadequate for furnishing the necessary 
volume of air at the required pressure. 

OPERATION. Three separate runs were made with the screen; 
one during the fall of 1913, when it was in operation 'daily from 8 
A. M. to 4 P. M., one run in May, 1914, from 7 :30 A. M. to 10 :30 
P. M., and one in July, 1914, when it was in operation between 8 
A. M. and 11 P. M. For a few days on the second run, the operation 
was continued throughout the night. 

EATE. The screen was operated at rates varying from 117,000 
to 235,000 gal. per 24 hr. With a net effective area of 29.3 sq. ft., this 
corresponds to a rate of from 4,000 to 8,000 gal. per sq. ft. per 24 
hr., or with a rotative speed of approximately 7 r. p. m. to a treat- 
ment of from approximately 0.4 to 0.8 gal. per sq. ft. of clean screen 
exposed. However, as the sewage did not actually reach the outlet 
end of the screen, the actual rate of application was somewhat higher 
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than noted above. Moreover, the longitudinal distribution was not 
uniform, the inlet portion handling a larger proportion of the sewage. 
The high rate stated was the maximum obtainable with the ap- 
paratus at hand, and might have been increased somewhat without 
detriment to the efficiency of operation, until a point was reached 
where the amount of water or other cleaning agent became dispro- 
portionate. Increasing the rotative speed would also increase the 
capacity of the screen to a certain extent. However, a limit would 
be reached from mechanical reasons and also because of the possible 
tendency to excessive clogging at the bottom of the screen due to 
large amounts of material removed at high rates dropping back to 
the bottom by the cleaning device. Finally the head required to 
force the liquid through the screen combined with the clogging 
effect of th.e material removed might become excessive at high rates. 

PERCENTAGE REMOVAL OP SUSPENDED MATTER. Ta- 
bles 28, 29 and 76 show the content of suspended matter in influent 
and effluent, together with the percentage reductions. For the 1913 
run, both influent and effluent samples were collected, but on the 
1914 runs, effluent samples only were taken and the influent anal- 
yses were computed by adding the weight of dry screenings col- 
lected as p. p. m. The percentage removals based on actual analyses 
are somewhat erratic, varying from an apparent increase of 7 per 
cent, to a decrease of 53 per cent. The increase was not real, as an 
actual reduction always takes place, the reduction being greater 
with the sewage containing the most suspended matter. Discrep- 
ancies of this sort, as well as some of the fluctuation in results, are 
due to errors of sampling and analysis. In general, the reduction in 
volatile matter was greater than the decrease in fixed matter. 

As the comparatively large particles removed by the screen are 
not well represented in the analyses, additional columns show, for 
the first run, the screenings removed figured as parts per million 
and a computed analysis of the influent based on the coinbined 
screenings and effluent. The percentage reductions, figured on this 
basis, show considerably less fluctuation in individual cases, and 
usually run somewhat below those obtained by the actual analyses. 
However, they probably represent the actual conditions obtaining 
more accurately. From the actual analyses, during the first run, an 
■average reduction of about 32 per cent, was obtained in 27 experi- 
ments, while the computed analyses gave an average reduction of 17 
per cent. Extending the period of operation into the evening, as 
was done on the second and third runs, reduced the average removal 
to about 12 per cent., based on computed analysis. The strength 
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of the sewage falls off during the evening and lower average effi- 
ciencies are thus to be expected by extending the period. 

CHAEACTER OF SCREENINGS. The material removed by the 
screen was a dirty yellow color, and consisted largely of hay, chaff, 
paunch manure, undigested food particles, hair, bits of 'skin and 
flesh and similar materials. The composition was largely organic, 
the proportion of volatile matter uniformly exceeding 90 per cent, 
on the dry basis, with a nitrogen content higher than in the tank 
sludges and a high fat content. Occasional analyses are given (ta- 
ble 77). 

TABLE 77. 

ANALYSIS. OF SCREENINGS FROM 30 MESH ROTARY SCREEN. 



Date 


Per Cent 
Moisture 


Dkt Weight — Percentage 


Nitrogen 


Volatile 
Matter 


Fixed 
Matter 


Ether 
Soluble 


1913 

Oct. 28 

Oct. 29* 

Oct. 30* 

Nov. 19 

Dec. 1 


84.8 
85.4 
82.9 
87.2 
87.0 
90.9 


2.72 
3.00 
3.36 
3.68 
4.48 


93 
94 
90 
98 
97 
91 


7 
6 
10 
2 
3 
9 


7.4 
6.6 
8.2 
14.0 
8.4 


9 





* Av^age of 2 analyses. 

The material when fresh was entirely inoffensive, in odor and 
appearance. On standing in layers 5 or 6 in. thick, a very disagree- 
able putrid odor soon developed, considerable heat being generated 
in the interior of the mass. The screenings were discharged from 
the screen, firm enough to shovel, although comparatively high in 
moisture. The fibrous character of the material removed apparently 
favored the retention of water, for when spread out in thin layers 
on the ground, the screenings dried rapidly at the surface to a 
fibrous mass, but the deeper layers -retained a considerable portion 
of their initial moisture. A sample removed from the screen on 
Dec. 1, 1913, and placed in a box on the roof of the screen-house 
to a depth of 6 in., with an initial moisture content of 87 per cent., 
showed an average moisture content of 70 per cent, at the end of 
two weeks. The box in which it was exposed was practically water- 
tight, so that water was lost only by evaporation. During this pe- 
riod more or less damp, cold, rainy weather retarted drying. Nev- 
ertheless, the. surface material reduced to a dry crumbly mass, the 
interior layers being somewhat moist, however. Under favorable 
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weather conditions, if spread in tliin layers and turned at intervals 
to expose the under layers to the action of the sun and air, .rapid 
drying should ensue, and the remaining residue could be disposed 
of by burning. Some odor might occur, as putrefactive conditions 
tend to develop rapidly in the moist mass . The volatile constitu- 
ents were reduced during the drying period, the original .sample 
containing 97 per cent, of volatile matter and the dried sample 87 
per cent. 

AMOUNT OF MATEEIAL REMOVED. Tables 78, 79 and 80 
show the amount of material removed both as pounds of moist 
screenings per million gallons and as pounds of dry material for the 
same unit for the three runs. The screenings were shoveled from 
the discharge trough into the weighing can during the first run and 
were slightly drier than as actually discharged. On the second and 
third runs they fell into a perforated can, the surplus moisture 
draining away. Nevertheless, they were readily handled, consider- 
ing the high moisture content, ranging between 85 and 89 per cent. 

On the wet basis, from 3,000 to 12,000 lb. of moist screenings per 
mil. gal. of sewage may be expected during the hours of heavy flow. 
Jlxtending the run into the evening hours reduced the amount to from 
1000 to 4500 lb. per mil. gal. Seasonal variations in strength of 
sewage and fluctuations in moisture content of the screenings may 
account for some of the difference observed. Reduced to the dry 
basis, these figures range from about 500 to 1400 lb. per mil. gal. 
for the first run, and from about 194 to 815 lb. for the second and 
third. 

The unit weight of material varied somewhat (tables 78, 79 
and 80) according to the degree of draining and compacting, but 
in general the specific gravity of the material as discharged slightly 
exceeded unity, showing that a portion at least will settle under 
nearly quiescent conditions. On the second and third runs the 
material was more thoroughly drained and consequently more po- 
rous than on the first, and the unit weights were correspondingly 
lower. From 85 to 184 cu. ft. of moist screenings were removed per 
mil. gal. during the first run. 

As a remedy for excessive scum formation on settling tanks, 
the use of fine screens was suggested herein (ef. p. 66). It also 
seems desirable to reduce the amount of sludge to be handled, as the 
moist screenings are more easily cared for than the liquid sludge. 
Dry screenings at the rate of 500 lb. per mil. gal. represent a reten- 
tion of about 3 cu. yd. of 90 per cent, sludge or 2 cu. yd. of 85 per 
<;ent. scum. 

CLEANING. Water from the city main was used, at a very 
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low pressure, ranging from 8 to 23 lb. per sq. in. This proved 
sufficient from the dynamic standpoint, moreover the water ap- 
peared to act as a lubricant, giving the screenings sufficient mo- 
mentary fluidity to fall away from the screen of their own- weight. 
The amount used varied between 2.6 and 6.4 per cent, of the volume 
of sewage treated for the first run. Four per cent, may be taken 
as a fair average value under conditions prevailing. On the second 
run slightly larger percentages were used, as the quantity of sewage 
handled was smaller. A certain minimum quantity is apparently 
required. In regulating the application of water, sufficient cleaning 
was produced to pass all the sewage through the screen before 
reaching the last 5 or 6 in. of screen. A fixed minimum amount of 
water being necessary to keep the screen free from clogging, the 
water consumption proved greater per pound of dry screeniags 
for low rates of accumulation than for high. In fact the volume of 
water per pound of dry screenings varied roughly in inverse ratio 
to the rate of retention of solids. Possibly economy in water con- 
sumption might be secured by a traveling device similar to the ar- 
rangement first tried, covering various parts of the screen inter- 
mittently, but any intermitteney in operation should be of very brief 
duration. 

The efficiency of compressed air as a cleaning agent was not 
investigated on this rotary screen, but its utility was demonstrated 
iQ the tests made on the Jennings screen. No figures are available 
to show the relative economy of water and air as cleaning agents. 
The use of screened or settled sewage may serve to reduce the cost 
of water required, but clogging suspended matter might interfere. 

INDUSTRIAL TESTS. 

ADDITIONAL SCREENING TESTS. In October and Novem- 
ber, 1913, additional working tests were made (1) at the outlet of 
the Morgan St. sewer on a traveling band screen designed by Mr. 
C. A. Jennings of the Union Stockyards and Transit Co. and (2) 
on a "Weand screen installed at the .packing house of Sulzberger and 
Sons. 

DESCRIPTION OF SCREENS. The Jennings screen is of the 
endless band type, consisting of 38 panels, each 1 by 4 ft., framed of 
light structural shapes, joined at the ends to endless link chains 
which pass over toothed wheels supported on inclined trusses set 
in a pit to which the sewage is delivered. The screen was driven 
at a linear speed of about 125 ft. per min., and was inclined at an 
angle of about 30 deg. with the horizontal in the direction of flow, 
receiving sewage from a fan-shaped trough designed to give even 
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distribution. The panels were covered witli 40 mesh Monel metal 
wire screening, supported on heavy y^ in. mesh screens, the total 
net screen area being 112.0 sq. ft. As the panels passed over the 
top pair of toothed wheels, the screenings were blown off into a pit. 
Compressed air under high pressure was used at the time the tests 
were toade, being distributed by a finely perforated pipe underneath 
the screen, but owing to the rapid destruction of the wire mesh, a 
low pressure blower has since been installed, with better results. 

The screen at the Sulzberger plant was of the conical Weand 
type, 4 ft. in diameter at the inlet end, 3 ft. at the outlet end, and 
6 ft. 8 in. long over all, rotated by a central shaft at a speed of 16 
r. p. m. Iron bands bolted together maintained the conical shape, 
the 40 mesh screen being supported on a heavy 1% in. mesh screen. 
Screenings are ejected by a double worm around the inside of the 
cone. The total effective screen area is 53,3 sq. ft. Parallel to the 
screen was a header containing 22 petcocks with % in. openings dis- 
charging compressed air for cleaning. 

SEWAGE. The Jennings screen handled drainage from a por- 
tion of the stockyards proper. This sewage was cooler (55 deg. F.) 
and considerably weaker than the usual packing house waste, be- 
coming much weaker during the afternoon with the completion of 
the watering of cattle and cleaning up the pens for the day. Aver- 
age analyses are as follows : 

ANALYSES OP MORGAN ST. SEWAGE. 

Determination. Parts per Million. 

Organic Nitrogen as N 15 

Free Ammonia as N 11 

Oxygen Consumed 103 

Suspended Matter — Total 340 

Volatile 260 

Fixed m 

The Sulzberger screen handled the combined waste from practi- 
cally the entire plant, representing a typical strong packing-house 
sewage, with a temperature of 89 deg. F. Average analyses are as 
follows : 

ANALYSES OF EFFLUENT FEOM SULZBERGER PLANT. 
Determination. Parts per Million. 

Organic Nitrogen as N 82 

Free Ammonia as N 18 

Oxygen Consumed 305 

Suspended Matter — Total 717 

Volatile 624 

Fixed 93 
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RATE. The Jennings screen received the entire flow from the 
Morgan St. sewer and was tested during the day hours when the 
flow was strongest, table 82 giving the average rate during indi- 
vidual runs. Based on a linear speed of 125 ft. per min., these 
figures correspond to rates of from 2.11 to 2.71 gal. per sq. ft. of 
clean screen area exposed. 

The screen at the Sulzberger plant was run during the heavy 
day hours also, the rate of application being limited largely by the 
capacity of the device for measuring the sewage. Table 82 gives 
the rates at which individual tests were made. At a speed of 16 
r. p. m., with a net screen area of 53.3 sq. ft., these figures reduce 
to rates of from 0.62 to 0.74 gal. per sq. ft. of clean screen exposed. 
With adequate cleaning devices this rate could undoubtedly be in- 
creased. 

TABLE 81. 

REMOVAL OF SUSPENDED MATTER. 





Suspended Matter — Pakts Per Million 


Date 
1913 


Influent 


Effluent 


Per Cent Reduction 


Total 


Vol. 


Fixed 


Total 
Com- 
puted 


Total 


Vol. 


Fixed 


Total 


Vol. 


Fixed 


Total 
Com- 
puted 











JENN 


INGS 


SCREEN 










Oct. 23 


310 


230 


80 


296 


170 


100 


70 


45 


57 


12 


43 


- 24 


440 


390 


50 


353 


240 


160 


80 


45 


59 


60* 


32 


Nov. 4 


440 


290 


150 


523 


410 


260 


150 


7 


10 





22 


5 


208 


152 


56 


350 


180 


136 


44 


14 


11 


21 


49 


19 


300 


236 


64 


400 


288 


216 


72 


4 


9 


12* 


28 


Average 


340 


260 


80 


384 


257 


174 


83 


24 


33 


4* 


33 



SULZBERGER SCREEN 



Oct. 22 


520 


410 


110 


488 


450 


350 


100 


14 


15 


9 


8 


23 


800 


650 


150 


878 


540 


430 


110 


33 


34 


27 


39 


27 


620 


550 


70 


655 


540 


420- 


120 


13 


24 


42* 


18 


28 


840 


750 


90 


809 


550 


440 


110 


34 


41 


22* 


32 


29 


810 


760 


50 


966 


700 


640 


60 


14 


16 


20* 


• 28 


30 


800 


730 


70 


908 


710 


620 


90 


11 


15 


29* 


22 


31 


630 


520 


110 


681 


480 


380 


100 


24 


27 


9 


30 


Average 


747 


624 


93 


769 


567 


468 


99 


21 


25 


6* 


26 



* Denotes increase. 



REMOVAL OF SUSPENDED MATTER. The removals of sus- 
pended matter- for individual runs based both on actual and on 
computed analyses of the influent are given in table 81. 

Table 81 indicates that results appear rather erratic and some- 
times inconsistent when the efficiency is computed for a screen from 
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actual analyses of the influent and effluent. This is due largely 
to the difficulties of representative sampling, the short duration of 
the tests, and the fact that the coarse suspended matter removed by 
the screen is not adequately represented in the small portions taken 
for analysis. The per cent, removals based on computed analyses 
are much more consistent and probably represent more fairly the 
actual performance of the screens. On this basis the Jennings screen 
showed an average removal of about 33 per cent, or 127 p. p. m. 
while the Sulzberger screen apparently retained about one-fourth 
of the suspended matter, representing an average removal of 202 
p. p. m. The Jennings screen receives a deal of coarse suspended 
matter such as pieces of corn, straw, etc. 

Table 82 shows the removal of suspended solids both as moist 
and dry screenings in lb. per mil. gal. On this basis, the Jennings 
screen removed about 6740 lb. of material with 83 per cent, mois- 
ture, equivalent to 1150 lb. of dry matter per mil. gal. The Sulz- 
berger screen results fluctuated more widely, varying from 2320 to 
17,400 lb. of material, with an average moisture content of 84 per 
cent., or from 320 to 2820 lb. of dry material per mil. gal. The 
average, weighted according to the volume treated, was aboul; 10,- 
790 lb. of moist screenings or 1690 lb. of dry screenings per mil. gal. 

SCREENINGS. The material retained by the Jennings screen 
had a dirty greenish brown color and contained a very high per- 
centage of volatile matter. The material removed at the Sulz- 
berger plant was similar to that at the testing station. The high 
moisture content found at the testing station was noted in these tests 
as well. 

ANALYSES OF SCREENINGS. 
Sewage from Stockyards and from Sulzberger Sons Co. 





Per Cent 
Moisture 


Det Basis — ^Percentage 


Screen 


Nitrogen 


Volatile 
Matter 


Fixed 
Matter 


Ether 
Soluble 


Jennings 

Sulzberger 


84.3 
85.1 


1.71 
1.31 


91 
93 


9 

7 


2.6 
5.8 



CLEANING. The compressed air used to clean the Jennings 
screen was very effective, blowing the screenings completely away. 
The blast, however, gradually destroyed the screen cloth. The high 
pressures should be reduced, to avoid costly replacement of screen 
fabric as well as expense for power. Experiments along this line 
are under way. 
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Air was supplied for the Sulzberger screen in so small a main 
that the pressure available proved too low to produce any marked 
cleaning effect. However, the screen was thoroughly cleaned with 
a fire hose after each run. One point brought out in the operation 
of this screen was a clogging effect due to the congelation of grease 
in the meshes of the screen, stopping one test after a run of one hour. 
Careful attention to this detail is evidently required in handling 
straight packing-house wastes. 

LOSS OF HEAD EXPERIMENTS ON MESH SCREENS. 

OBJECT. These experiments were conducted to determine the 
amount of sewage of the character received at the Stock Yards 
testing station which can be handled by screens of different mesh, 
the rate of clogging, and the relation, if any, between the amount 
of material retained on the screen, the rate of clogging, and the 
quantity of sewage treated. 

APPARATUS. The apparatus (fig. 14) consisted of a square 
box of galvanized iron with pyramidal top and watertight joints. 
The screen to be tested w;as placed over the open bottom, being held 
in place between two wooden frames, one of which surrounded the 
outside of the box being attached thereto. The outer or lower 
frame was detachable, with a rubber gasket inserted between, the 
frames being held together by carriage makers' clamps. From the 
main orifice box, a two-inch pipe supplied sewage through the top, 
a flange union facilitating quick breaking of connections, being 
inserted. An air vent was also provided. 

The screen box was set in a larger -v^rooden box of tank con- 
struction with an overflow weir sufficiently high to keep the screen 
constantly submerged. The effluent discharged into the waste 
drain. The head on the screen was measured by an adjustable glass 
piezometer tube, with rubber tube connection to the side of the. box, 
a constant level being maintained outside the screen by the over- 
flow weir. 

As originally designed, the screen box was exactly two feet 
square inside, but this was cut down to accommodate the screens 
already on hand, by inserting a wooden frame. The effective screen 
area was 3.5 sq. ft. The apparatus was designed for a maximum 
loss of head of 5 ft. but in actual tests 4.5 ft. was not exceeded. 

METHOD OF CONDUCTING EXPERIMENTS. Screens of 
eight different sizes were employed, of 4, 6, 10, 16, 20, 24, 30 and 40 
meshes to the linear inch, with mechanical properties indicated in 
table 83. Duplicate runs were made on each screen, except the No. 
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4, on two and in some cases on three separate days. Piezometer 
readings were made every 15 sec. as soon as the screen began to clog. 

TIME OF CLOGGING. The average results for screens of dif- 
ferent mesh (fig. 15) show curves similar in form, indicating in 
general that when once the screen begins to clog, the loss of head 
increases with great rapidity, despite iadividual variations. Some 
difference is noted between the fine and coarse screens, after ap- 
preciable clogging appeared, the No. 6 screen requiring 7 min. to 
rise from practically zero to the final loss of 4.5 ft., whereas for the 
No. 40 screen the time in no case exceeded two minutes. The time 
required to produce clogging varied for difCerent runs on the same 
mesh. With this sewage, however, constantly changing in strength, 
the wide variations in suspended matter content would produce con- 
siderable fluctuations in the time of clogging. 

With the finer screens, the total time to reach the final loss of 
head was very short, not exceeding 6 min. for the No. 40 screen. 
With larger meshes, the average length of run increased but indi- 
vidual cases of very short runs occurred with screens as coarse as 
the No. 16, suggesting that *he details of cleaning must be carefully 

TABLE 83. 

LOSS OF HEAD EXPERIMENTS. 
Properties of Fine Screens. 



Meshes 


Diameter 


Net Opening 


Open Space 


per Lineal 


of Wire 


Length of Side 


Per Cent 


Inch 


Inch 




of 






Nominal 




Inch 


Millimeters 


Gross Area 


4 


0.048 


0.198 


5.04 


65 


6 


0.034 


0.137 


3.48 


64 


10 


0.026 


0.072 


1.83 


54 


16 


0.019 


0.042 


1.07 


42 


20 


0.016 


0.034 


0.86 


46 


24 


0.0133 


0.029 


0.74 


42 


30 


0.012 


0.022 


0.56 


41 


40 


0.010 


0.015 


0.38 


28 



considered where fine screening is used, if undue clogging is to be 
prevented. Clogging with the No. 4 screen proceeded very slowly. 
Of the three runs, one reached the 4.5 ft. loss of head after 5 hrs. 30 
min., the remaining runs, after intervals of 7 hrs. 30 min. and 6 hrs. 
respectively, having a loss not exceeding 0.01 or 0.02 ft. In all 
these tests the sewage passed a % in. bar screen before reaching the 
loss of head apparatus. 

A few runs were made on the No. 30 and No. 40 screens at a 
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lower rate, approximating 6840 gal. per sq. ft. daily. The duration 
of the runs increased somewhat, averaging 9 min. 27 sec. for 4 runs 
on the No. 40 screen, against 5 min. 16 sec. for 7 runs at the higher 
rate, and 46 min. 7 see. for 3 runs on the No. 30 screen, against 8 
min. 36 sec. for 6 runs at 14,800 gal. per sq. ft. daily. The average 
time for the No. 30 screen at the low rate was high, principally 
owing to an unusually long run on Sept. 22, extending over 76 min. 
22 sec. With a low rate, the loss of head increased more gradually 
than at the high rate, extending over 4 or 5 min. at the low rate 
compared with 2 min. for the high. 

EEDUCTION IN SUSPENDED MATTER. The analyses of in- 
fluent and effluent samples, with the percentage reduction of sus- 
pended matter (table 84), show considerable variations in the 
strength of the crude sewage, as well as in the per cent, reductions. 
As all the experiments were made between 9 A. M. and 4 P. M., 
when the sewage was strongest, the results are typical of the worst 
conditions. 

The percentage reduction in suspended matter was very erratic, 
varying between wide limits for screens of the same size and fol- 
lowing no clearly defined rate of increase for decreasing size of 
mesh. In fact a considerable decrease is noted ia the average results 
in some cases. This apparent fluctuation in efficiency was probably 
due to the'difficulty of collecting representative samples, and to the 
short duration of runs, as well as to actual variations in efficiency 
and sewage applied. 

Since the larger particles of suspended matter are retained on 
the screen, thus removing one source of sampling errors, the effluent 
samples are presumably more typfcal of the actual composition of the 
liquid than are the influent. In table 85 are indicated the actual 
analyses of the effluent and computed analyses of the influent based 
on the weight of dry materiS,l retained by the screen and the quan- 
tity of sewage passed through. The percentage reductions are 
figured also on this basis. For comparison, the actual analyses of 
the influent and percentage "reductions based thereon are shown. 
The calculated figures in general indicate a progressive increase in 
efficiency with decreasing size of mesh, the fluctuations in individual 
cases being much smaller. This probably represents more closely 
actual conditions, as the .finer screens are undoubtedly more effi- 
cient in removing suspended matter. Owing to the difficulties of 
sampling, however, the relative amounts of material actually re- 
moved by the various screens are a better index of efficiency than 
are the percentage reductions of suspended matter. These latter 
figures indicate an average percentage removal of from about 13 
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TABLE 85. 

LOSS OF HEAD EXPERIMENTS. 
Reduction in Suspended Matter from, Computed Analyses of Influent. 



Date 



Size 

of 

Screen 



No. of 
Runs 
Avgd. 



Rate,Gal. 
per sq. ft. 
per 24 hr. 



Suspended Mattee 
Pabts per Million 



Influent 



Actual 



Com- 
puted 



Effluent 



Per Cent 
Reduction 



Actual 
Infl. 



Com- 
puted 
Infl. 



1913 

Aug. 6 6 2 

14 6 3 

Average 5 

Sept. 2 10 1 

2..... 10 1 

3 10 2 

5 10 2 

Average 6 

July 18 16 2 

Aug. 15 16 1 

15 16 1 

Average 4 

Aug. 8 20 2 

12 !20 2 

Average 4 

July 24 24 3 

Aug. 15 24 1 

15 24 1 

Average 5 

Aug. 7 30 2 

12 30 3 

21 30 1 

21 30 1 

Sept. 2 30 1 

3 30 2 

Average 7 

Average 3 

July 17 40 2 

29 40 3 

Aug. 8 40 2 

22 40 1 

29 40 1 

29 40 1 

Average 7 

Average 3 



14,800 620 
14,800 ,420 
14,800 500 



14,800 
14,800 
14,800 
14,800 
14,800 



14,800 

14,800 

14,800 

14,800 

6,840 

6,840 

14,800 

6,840 

14,680 

14,720 

14,800 

6,840 

6,840 

6,840 

14,730 

6,840 



660 
460 
660 
420 
547 



14,670 560 

14,800 750 

14,800 750 

14,740 655 

14,750 770 

14,800 680 

14,780 725 

14,700 500 

14,800 570 

14,800 640 

14,740 542 



1200 
700 
390. 
540' 
470 
520 
776 
497 

720 
510 
730 
490 
920 
840 
633 
750 



680 
452 
543 

492 
368 
713 
418 
520 

644 
740 
807 
709 

785 
605 
695 

594 
621 
765' 
634 

1018 
689 
514 
611 
404 
679 
747 
587 

836 
605 
914 
521 
968 
864 
759 
784 



610 
380 
472 

450 
330 
640 
380 
470 

510 
620 
720 
590 

670 
500 
585 

460 
520 
620 
504 

890 
520 
390 
440 
300 
590 
596 
493 

600 
450 
680. 
390 
710 
640 
659 
580 



2 

10 

6 

32 
28 
3 
10 
14 

9 
17 

4 
10 

13 
26 
19 

8 
9 
3 

7 

26 
26 


18 
36 
13* 
23 

1 

17 
12 
7 
20 
23 
24 
12 
24 



10 
16 
13 



10 

10 

9 

10 

21 
16 
11 
17 

15 
17 
16 

23 
16 
19 
21 

13 
24 
24 
28 
26 
13 
20 
16 

28 
26 
26 
25 
27 
26 
26 
27 



*Denotes increase. 

Note. Final loss of head equals 4.5 ft. 



155 



o 



n 



^ ^, 





^ 


id 




g 


i 




Ph 


h 


CO 


g 


a 




^ 


"^ 


>H 


S 


1;^ 


-i 






°9 







< 




1- 


s 






f^ 


d 




o 


q 



CO 
OS 

O 






fi^ 



<1 



I 





I S3 § 
Ph ftft 



COCC o 






rH ^i-ii-t OOOOOOOOOO 



§!? 



< o M »o o (M lo o in la 



OlOlNCDOOU^OOlO 
Tt<000000«i!OT-ii-irfi 

1-1 00 to CO rH m_oo Oi^,"-! 



00 

12; 
o 



o 

O • -S 



Ah 
02 

o 

!z; 

p 

O 



.o 



.OC0(M>0O 
.00>Ol>CO(N 




.ooco 

, T-ICDCD 

, O5_(M_00 w 



02 

o 

Ph 

o 

Ph 

o 



HT*(00rtO-*O«SIN^ 



O M I> O lO 00 lOO IC 
IOr-lTi<r-llOlC00C0O5 
■*COOOOOt~OlClO 



05»0C0CDI0OIt0OOm 
CCr-ll^OOi-HlOCOlOT-Hir? 
rH t^ CO C0__05 CO_Q0 O^'^^O^ 

1^ T-T T-ri>rT-r 



OOOOOOOOOO 

oooooo-*oo-* 

0000000000000000 00_00 

1^ ■^" -Ttn" Tt^" -^ TjT CO" tH' TjT ccT 



■t^COOcpcOt-OOCD^ 
■1— 1»— (T-tOOOOOO 

■OOOOOOOCJO 



•0000»OCOCDr*i-H-^O5 
•(NCOC<Ii-Ht-Ii-HCOt-HO 

■CDOOOOOOOO 



■(M ■ -1-1 



Q -OOOOOO -OO 



■ O OiO OOOOOO 



•OOOOOOOOO 



o o o o_o O O O O o 



OOOOOOOOOO 
OOOOOOO'^Ot)* 
00 00 00 00_00 00 00 00 oq_QO 

TjrT}r-.;ir'^TiH"'^-<:trc£r'^co 



■*coocoo 



OCOOtHOOQO 

i-H.-icq(Neoco^'* 



-*CDOCOO 



OCOO-^OOQO 
i-li-IC<l<NCOCO'*Tt< 






■s 



o 



156 

per cent, for the No. 6 screen to 26 per cent, for the No. 40 screen 
at a rate of approximately 15,000 gal. per sq. ft. per day. 

The analyses of the effluent probably give a slightly lower sus- 
pended matter content than the real content of the liquid passing 
the screen, owing to sedimentation in the wooden tank before the 
effluent passed over the waste weir and was sampled. This error in 
general appeared small, increasing, however, with the size of screen 
and length of run. The amount deposited during the runs with the 
No. 4 screen was considerable, one measurement showing an accu- 
mulation at the rate of 375 lb. per mil. gal., representing approxi- 
mately 45 p. p. m. of suspended matter. The amount of material 
retained on this screen was, however, very small, consequently the 
amount of settling material passing through was proportionately 
large. Owing to the relatively great effect of this factor on the 
results of the No. 4 screen, the percentage reductions were omitted 
from tables 84 and 85. For the other screens, this factor is probably 
negligible. 

SCREENINGS. Ordinarily the screenings were drained for a 
short time before weighing. The moisture content usually varied 
from 80 to 87 per cent., averaging approximately 84 per cent. The 
weight of screenings for individual runs per mil. gal. of sewage is 
given in table 86, as well as the weight per sq. ft. at final loss of head. 
Fig. 16 shows these results plotted graphically against thenet length 
of mesh opening, indicating the variation in the amount retained 
per million gallons, especially for the screens of fine mesh. The 
removal depends both on the nature and amount of matter in sus- 
pension. The greater variation with the fine screens may also have 
been caused by the comparatively short duration of the runs, thus 
making the period of vigorous loss of head a greater portion of the 
total time. Presumably after clogging had become established, the 
amount of suspended matter screened out increased somewhat, as 
the mat already formed would act as a strainer. Hence, variations 
in the strength of sewage affect more markedly the amount of sus- 
pended matter removed by the fine screens. The finer the screens 
the greater the removal of suspended matter. The amount of screen- 
ings depends also on the relation of the net opening of screen to the 
gross area, varying almost directly with this percentage up to the 
No. 10 size and at a lower rate for coarser screens. Of two screens 
having the same percentage of net opening, Nos. 16 and 24, the latter 
removed more suspended matter, averaging 1113 lb. per mil. gal. 
compared with 992 lb. for No. 16 mesh. 

In a few runs made on Nos. 30 and 40 mesh, the lower rate, 
6840 gal. per sq. ft. daily, seemed to give a somewhat smaller accu- 
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Fig. 16. Removal by Screens of Various Mesli. 

Note. Dots represent Individual Runs. 

All data secured with apparatus In Fig. 14. 
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mulation (table 86). The reasons for this are uncertain, although 
changes in character of the sewage may be largely responsible. 

The amount of material removed per mil. gal. is much greater 
than- for similar tests at the 39th Street testing station, even making 
allowance for the fact that most of the latter were made to a final 
loss of head of 0.4 ft. (table 87). 

Table 87 shows that, except for the No. 4 screen, four to six 
times more suspended matter was screened from the Stockyards 
sewage than from the 39th Street. 

TABLE 87. 

SCREENING EXPERIMENTS. 

Comparative Results Obtained with Mesh Screens on Crude Sewage at Stockyards 

and 39th Street. 



Size of 
Screen 
Nom. 
Mesh 



Stocktabds Sewage 



No. of 
Tests 



Gal. Per 
Sq. Ft. 
Daily 



. Dry 
Screen'gs 

Lb. Per 
Mil. Gal. 



39th St. Sewage 



No. of 
Tests 



Gals. Per 
Sq. Ft. 
Daily 



Dry 

Screen'gs 

Lb. per 

Mil. Gal. 



4 

6 
10 
16* 
20 
24* 
30 
30 
40 
40 



3 


14,800 


134 


4 


14,800 


654 


6 


14,800 


421 


4 


14,800 


992 


4 


14,800 


919 


4 


14,800 


1113 


6 


14,800 


1259 


3 


6,840 


776 


7 


14,800 


1674 


4 


6,840 


1290 



12,000 
12,000 
12,000 



6,150 

12,600 
6,150 
6,150 



87 
121 
117 

2i6 

igo 

206 
295 



* Not used in 39th St. tests. \ 

Note. StockyaHs tests carried to final loss of head of 4.5 ft., 39th St. experiments 
to 0.4 ft. 



TABLE 88. 

ANALYSES OF SCREENINGS. 



Date 


Size of 


Specific 


Calculated to Dry Weight 


Per Cent 












Screen 


Gravity 


Nitrogen 


Volatile 


Fixed 


Ether 
Soluble 


1913 














July 10 


24 




2.72 


' 




6.62 


18 


16 




2.96 






6.56 


29 


40 


0.99 


3.28 


90 


10 


7.42 


Aug. 7 


20 


1.02 


3.36 


90 


10 


8.44 


12 


30 


1.03 


3.68 


87 


13 


6.66 


21 


30 


1.03 


2.88 


88 


12 


5.30 
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ANALYSES OF SCREENINGS. The material retained by the 
screens resembled that caught by the rotary screen. With the 
coarser screens the screenings formed a mat-like layer, which could 
, be stripped with' little difficulty, leaving the meshes comparatively 
clean. "With the fine screens, on the other hand, some of the mate- 
rial was forced into the meshes, adhering so firmly that scrubbing 
and washing was necessary to clean the screen thoroughly. Typical 
analyses are given in table 88. 

LOSS OP HEAD EXPERIMENTS WITH SLOTTED PLATES. 

GENERAL. Beside the experiments on mesh screens, tests were 
made on slotted iron plates. These slots were cut square and were 
riot bevelled on one edge as is done in the Riensch-Wurl screen. 
Three widths of slot were provided, the mechanical properties of 

TABLE 89. 

MECHANICAL PROPERTIES OF SLOTTED PLATES. 



Designation 


Dimensions of Slots 


, Inches 


Area of 
One Slot 
Sq. In. 


Gross 

Area 

Plate 

Sq.Ft. 


Per Cent 
Net Open- 
ing to 
Gross Area 


Length 


Width 


Distance 
C. to C. . 


Coarse 

Medium 

Pine._ 


1.00 0.0625 
0.50 0.032 
0.50 0.025 


0.198 
0.125 
0.083 


0.0625 
0.0160 
0.0125 


3.5 
3.5 
3.5 


28.4 
17.6 
17.2 



these plates being indicated in table 89. On the coarse plate the slots 
were staggered, in the others the slots were arranged diagonally in 
42 rows, 1/6 in. apart. 

The tests were run to a uniform loss of head of 1.5 ft., at a rate 
of approximately 11,100 gal. per sq. ft. per 24 hrs. 

TABLE 90. 

INTERVAL REQUIRED TO REACH LOSS OF HEAD OF 1.5 FEET 
At Rate of 11,100 Gallons Per Sq. Ft. Daily. 



Size of 
Slot 


No. of 
Runs 


Time foe Final Loss of Head in Min. and Sec. 


Average 


1 Minimum 


1 Maximum 


Coarse 

Medium 

Pine 


7 
8 
8 


28-45 
9-08 
7-14 


12-32 
5-00 
^05 


43-18 
12-04 
13-19 
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TIME OF CLOGGING. The average, maximum, and minimum 
intervals required to reach the final loss of head (table 90) indicate 
that the loss of head proceeded somewhat more slowly, if more 
irregularly, than with the mesh screens after clogging. Runs of 
short duration on all three widths of slot indicate that the details 
of cleaning would require careful design to prevent undue loss of 
head with rates approaching those used with plates having substan- 
tially the same percentage of openings. 

REDUCTION IN SUSPENDED MATTER. The results of in- 
dividual runs on slotted plates and average results for mesh screens 
of the nearest size are shown in table 91. The mesh screeiis were 
tested at a rate of 14,800 gal. per sq. ft. per 24 hr. to a final loss of 
head of 4.5 ft., whereas the slot screens were tested at a rate of 
11,100 gal. per sq. ft. per 24 hr. to 1.5 ft. loss of head. 

TABLE 91. 

SLOTTED PLATE SCREENS. 
Percentage Reduction in Suspended Matter. 



Coarse 
Slots 1.00x0.0625 In. 


Medium 
Slots 0.50x0.032 In. 


Fine. . 
Slots 0.50x0.025 In. 


Susp. Mat. 
Parts Per Mil. 


Percent 
Reduc- 
tion 


Susp. Mat. 
Parts Per MU. 


Percent 
Reduc- 
tion 


Susp. Mat. 
Parts Per Mil. 


Percent 
Reduc- 


Infl. 1 Effl.. 


Infl. 1 Efil. 


Infl. 1 Efii. 


tion 



420 


356 


15 


370 


298 


19 


394 


312 


21 


528 


424 


20 


370 


270 


27 


390 


316 


19 


364 


336 


8 


478 


366 


23 


459 


316 


31 


393 


360 


8 


364 


288 


21 


652 


404 


38 


397 


372 


6 


403 


324 


20 


170 


144 


15 


477 


376 


21 


344 


268 


22 


316 


240 


24 


512 


432 


16 


353 


308 


13 


364 


292 


20 








535 


444 


17 


409 


348 


15 



Avg. 
442 



379 



14 



402 



321 



20 



394 



297 



25 



Avg. 
520 



No. 10 (0.72 In.) 



470 



10 



MESH SCREENS 
No. 20 (0.034 In.) 

695 585 16 



No. 30 (0.022 In.) 
747 596 20 



The efficiency decreases with increasing width of slot, the small- 
est slots being most efficient. The average reduction in suspended 
matter appears to be greater than with screens of nearly corre- 
sponding opening operated under somewhat different conditions, 
even though the accumulation of screenings in pounds per million 
gallons was greater with the screens. The sewage was somewhat 
weaker during the summer of 1914 when the plate experiments 
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were carried on, than in 1913, when the first series was run on the 
screens. Hence, the proportion of coarse suspended matter may- 
have been relatively higher. Owing to the limited number and 
brief duration of runs, the results are not conclusive as to the com- 
parative merits of slotted plates and mesh screens. 

SCREENINGS. Ordinarily, after draining for a few minutes 
before weighing, the screenings contained from 80 to 90 per cent, 
of moisture, and resembled in every way the catch on the mesh 
screens. No analyses were made. The accumulation in lb. of dry 
material per mil. gal. for individual runs with average results for 
mesh screens of the nearest size (table 92) show slightly higher 
retentions for the mesh screens in the finer sizes. The average re- 
sults given for the No. 10 mesh screen are undoubtedly too low 
because two runs were unusually long. 

TABLE 92. 

AqCUMULATION OF DRY SCREENINGS. 
Pounds Per Million Gallons. 



Coarse 


1 
Medium 


Fine 


(0.0625 In. Slot) 


(0.032 In. Slot) 


(0.025 In. Slot) 


535 


600 


680 


866 


836 


618, 


234 


935 


1190 


271 - 


635 


2070 


208 


655 


215 


840 


376 


635 


666 


635 


599 


••• 


755 


507 


Avg. 517 


678 


814 



Average for Screens of Nearest Corresponding Mesh 
No. 10 (0.072 In.) No. 20 (0.034 In.) No. 30 (0.022 In.) 



421 



919 



1259 



RESULTS. The results of these tests on slotted screens indicate 
that a considerable removal of suspended matter may be obtained 
with slots of the size used, which is probably somewhat lower than 
with screens of corresponding mesh. 

ADDITIONAL SCREENING EXPERIMENTS. 

GENERAL. Beside the loss of head, experiments made in 1913 
on fine screens up to 40 meshes per lin. in., a few tests were made 
ill September and October, 1914, on screens of 60, 80 and 100 
meshes to the. lin. in., in a manner similar to the previous sets, but 
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at a rate of 2940 gal. per sq. ft. per 24 hr., the final loss of head 
being 1.5 ft. The lower rate was employed to extend the runs sufS- 
ciently to give reasonably accurate measurements. 

RESULTS. The percentage removals based on computed analy- 
ses of the influent are shown below : 

PERCENTAGE REMOVAL OF SUSPENDED MATTER BY FINE MESH 

SCREENS. 



Meshes 

per Lin. 

Inch 



No. of 
Tests 



SUSP. Mat. P. P. M. 



Influent I Effluent 



Pbe Cent Reduction Susp. Mat. 



Average | Maximum | Minimum 



100 


6 


345 


244 


29 


45 


18 


80 


5 


300 


200 


33 


36 


24 


60 


6 


328 


251 


23 


34 


14 



In general, a higher ef&ciency is noted than with the screens of 
coarser mesh tested under somewhat different conditions. The dif- 
ference is not great, however. The sewage used in these tests was 
considerably lower in suspended matter than during the first series. 

The removal of dry material is indicated below in tabular form. 

REMOVAL OF MATERIAL BY FINE SCREENS. 



Meshes 

per Lin. 

Inch 



No. of 
Tests 



Screenings 
per Cent 
Moisture 



Pounds pek Million Gallons 



Moist 
Screen- 
ings 



Dry Screenings 



Average | Maximum | Minimum 



100 
80 
60 



84.3 
86.6 

87.4 



6400 
6370 
4960 



840 
830 
640 



1400 
1320 
1135 



676 
386 
290 



The average pounds of dry suspended matter removed for all 
fine meshes is less than for the previous tests of a No. 16 screen with 
a stronger run of sewage and slightly different conditions of opera- 
tion. The percentage removals, however, were somewhat higher 
than reached by the No. 40 screen. The large difference in actual 
weight of dry material per million gallons is largely due to the 
difference in strength of the sewage, the suspended matter during 
the most recent tests averaging about one-half that for the first 
series. 

CONCLUSIONS. With the very fine mesh screens employed 
somewhat larger removals of suspended matter appear possible than 
with the 30 or 40 mesh. The difference does not appear very great. 
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CHAPTER XII. 



COMPARISON OF METHODS OF PRELIMINARY TREATMENT. 

GENERAL. Three distinct methods of tank treatment were 
tried during these investigations, — (1) plain sedimentation in tanks 
of the Dortmund or upward flow type; (2) plain sedimentation in 
the Imhoff type of double deck tank with a separate chamber for 
the retention and digestion of sludge; (3) chemical precipitation 
in Dortmund tanks. Extensive investigations on the value of fine 
screening as a preliminary process were also made. The grit cham- 
ber, although a part in the scheme of preliminary treatment, is not 
here considered a separate process, as the removal of suspended 
matter ordinarily is slight, serving as an adjunct to the subsequent 
tank treatment. 

REMOVAL OF SUSPENDED MATTER. As the reduction of 
suspended matter is the important point in all the processes just 
outlined, the percentage removals of suspended matter have been, 
summarized in table 93. The figures for the devices involving plain 
sedimentation are based on monthly averages of daily or bi-daily 
samples, the figures for chemical. precipitation for individual runs 
and the various screening experiments are for individual tests or 
runs. The reductions for both the plain sedimentation and chemical 
precipitation processes are given both for the day samples and for 
the entire 24 hours, although the precipitant was applied only for 
part of the day. The results of the screening tests are based on the 
computed influent analyses. 

Table 93 indicates that about 9 to 25 per cent., based on com- 
puted analyses of the suspended matter, may on the average be 
•removed by fine screening (30 or 40 mesh) with correspondingly 
smaller reductions for coarser sizes, depending on the hours when 
the screen is in operation. At individual plants, owing to greater 
concentration and freshness, of wastes, greater efficiencies may be 
expected. Plain sedimentation in either the Dortmund or Emscher 
type of tank will remove from 50 to 70 per cent, of the suspended 
matter, according to the methods of operation. "With chemical pre- 
cipitation of the heavy day sewage and plain sedimentation for the 
weak night flow, a removal approximating 80 per cent, has been 

attained. 

RETENTION OF SUSPENDED MATTER. Not only is the 
relative removal of suspended matter of moment in determining the 
efficiency of different settling devices, but the ability to retain the 
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TABLE 93. 

PERCENTAGE REMOVAL OF SUSPENDED MATTER BY VARIOUS DEVICES 









Percent Removal 






Period 


Veloc. 


Suspended Matter 




Device 


of Flow 
Hours 


Ft. per 
Hour 






Remabes 


Day 


24-Hr. 








Samples 


Samples 




Dortmund Tank 


10.0 


1.0 


80 


72 






4.0 


1.1 


69 


65 






3.0 


1.5 


69 


65 






6.0 


1.7 


63 


57 






2.0 


1.8 


49 


42 






1.9 


2.3 


54 


53 






4.0 


2.6 


54 


48 






1.0 


4.5 


49 


47 




Emscher Tank 


4.0 


1.9 


52 


45 






3.0 


2.5 


50 


47 






2.0 


3.8 


51 


48 






1.5 


5.0 


53 


50 






1.9 


9.2* 


61 


58 " 


Horizontal velocity. 




2.9 


6.0* 


72 


69 ' 


Horizontal velocity. 


Chem. Precip. 


3.0 


3.5 


76 


72 5.5 gr. copperas; 10.3 gr. lime 




3.0 


3.5 


80 


77 4.5 gr. copperas; 10.7 gr. lime 




3.0 


3.5 


84 


79 3.5 gr. copperas; 9.9 gr. lime 




2.0 


2.2 


78 


74 3.3 gr. copperas; 8.6 gr. Ume 




2.0 


2.2 


67 


68 3.5 gr. copperas; 5.1 gr. lime 




4.0 


2.6 


79 


70 3.5 gr. copperas; 5.1 gr. lime 




4.0 


2.6 


82 


74 2.4 gr. copperas; 5.2 gr. lime 




4.0 


2.6 


72 


65 5.2 gr. copperas; 5.5 gr. lime 




6.0 


1.7 


77 


4.9 gr. copperas; 6.0 gr. lime 




4.0 


2.6 


64 


52 2.4 gr. alum 2.8 gr. lime 




4.0 


2.6 


73 


66 3.0 gr. alum; 0.0 gr. lime 




4.0 


2.6 


82 


76 1.9 gr. alum; 2.7 gr. lim.e 




4.0 


2.6 


80 


76 3.2 gr. alum; 0.0 gr. lime 


Rotary Screen — 












- 30 mesh 








17 8:00 A.M. to 4:00 P.M. 


30 mesh 








1'2 7:30 A. M. to 10:30 P. M. 


30 mesh 








9 8:00 A.M. to 11:00 P.M. . 


Fine Screens — 












6 mesh 








13 




10 mesh 








10 




16 mesh 








17 




20 mesh 








16. 




24 mesh 








21 




30 mesh 








20 




40 mesh 








26 




Slotted Plates- 












Coarse 








14 


^ 


Medium 








20 




Fine 








25 

















NOTE. — Fine screen and slotted plate results are on special runs, not 
24-hr., but short. 
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solid matter settled out is likewise important. In this respect the 
Emscher tank is desirable, since the design provides for automat- 
ically trapping the sludge to prevent it from being unloaded into 
the sewage again. During the ripening period and at times when 
the accumulation of sludge in the digestion chamber reached the 
level of the sludge ports, some unloading took place, bringing scum 
to the surface in considerable quantities. This, however^ is not a 
defect in principle, but an element of design to be provided for. 

Operation of tanks of the Dortmund type indicates that the 
sludge can in general be retained if the effluent channels are baf- 
flled and careful attention is paid to frequent cleaning. Frequency 
in cleaning is essential, especially during warm weather. However, 
the high temperature of the sewage combined with the larger organic 
content of the sludge all favor the rapid development of septic con- 
ditions with consequent tendency to unload. 

After the chemical precipitation tests were thoroughly started, 
it was found easier to retain the sludge than when the same tank 
was operated as a plain settling device. The formation of any dis- 
tinct scum was apparently prevented, except when alum was em- 
ployed. However, septic conditions develop with the chemically 
precipitated sludge, necessitating careful attention to cleaning. The 
practically complete absence of scum in this process, however, makes 
the retention of settled material considerably easier, than for plain 
settling. 

PERIOD ANDl VELOCITY OF FLOW. A comparatively short 
period of flow is sufficient for plain sedimentation in the Dortmund 
and Emscher tanks. With tanks of the upward flow or Dortmund 
type, vertical velocity appears to be more important than the de- 
tention period, for the highest removals of suspended matter were 
obtained at the lowest velocities irrespective of the detention period. 
However, with the same velocity, longer detention periods gave 
somewhat better results. Providing long periods of detention, in 
the Dortmund type of tank, is not economical, for with a vertical 
velocity of one or two feet an hour, which is most advantageous, and 
a period of say three hours, very shallow tanks result, which are 
practically straight flow tanks. An excessive number of units is 
also required. With higher velocities around 5 ft. per hr. and pe- 
riods of 1.5 to 3 hrs., the removal is much lower. The difficulty of 
maintaining low vertical velocities applies also to the radial flow 
type of Emscher tank. With the straight flow Emscher tank, thg 
indications are that a detention period of 2 to 3 hours is ample. 

AMOUNT OF SLUDGE. The volume of sludge and scum ac- 
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cumulated per million gallons was greatest for the chemical pre- 
cipitation treatment and lowest for the Dortmund tank C. The 
large amount of drier surface scum habitu3,lly present on Tank C 
explains in part the apparent inequality in rate of accumulation, as 
compared with the other tanks. Approximate average figures for 
various tanks are as follows : 



Apparatus 



Period of Flow 



Cu. Yd. of Sludge and 
Scum per Mil. Gal. 



TankC 1.9 to 4 hours 6.0 

TankD 4 to 6 hours , 9.5 

TankE 1.5 to 4 hours 8.0 

Chemical Precipitation* 2 to 6 hours 13 . 

* 15 hours daily, plain sedimentation rest of day. 

The sludge from chemical precipitation considerably exceeds 
that resulting from plain sedimentation. The vigorous digestion 
going on in the Bmscher tank eliminates a portion of the sludge de- 
posited as gas, thus reducing the rate of accumulation. With the 
Dortmund tanks operating on a plain sedimentation basis, the rate 
of accumulation varies. The relative amounts of sludge and drier 
surface scum apparently influence the total volume markedly. 

The low yardage shown for tank C may be due to difficulties in 
manipulation. The sludge remaining in a tank after incomplete 
withdrawal is usually much thinner than originally. Hence the 
amount withdrawn calculated from measurements made before and 
after cleaning may be too low. Ultimately the thin sludge compacts 
to its former condition. The net result is to show a lower rate of ac- 
cumulation than was actually the case. Tank C was cleaned very 
frequently, tank B, least frequently. The true rate of accumulation, 
therefore, for tank C is probably higher than recorded. 

QUALITY OF SLUDGE. For drying on sludge beds, the Em- 
scher tank sludge proved superior. The entrained gases made the 
sludge light and porous, readily parting with a portion of its water, 
and drying comparatively quickly to a porous earthy mass, easily 
handled by spading. The chemical precipitation sludge, on the con- 
trary, was very sticky, requiring considerably longer periods for dry- 
ing, whereas the sludge from plain sedimentation in Dortmund tanks 
was intermediate between the two. All of the scums, although ini- 
tially drier than the sludges, were much harder to reduce to a 
spadeable condition, and were usually very offensive The well di- 
gested Emscher sludge showed a considerable loss of volatile mat- 
ter with a consequent reduction in calorific value. The fresh sludges 
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from the Dortmund tank, if artificially dried, would contain consid- 
erably more thermal units. The fresh chemical precipitation sludge 
with a large content of inert mineral matter is low in heating value. 
SCUM FORMATION. Scum was consistently present on the 
Dortmund tanks at all times while operated on a plain sedimenta- 
tion basis, accumulating so rapidly that its removal became a prob- 
lem. Unless the formation can be prevented, it will prove trouble- 
some. Careful attention to the details of baffling will be of value, 
but will not wholly prevent the scum from passing off in the efflu- 
ent. Preliminary fine screening may remedy this difficulty, as tests 
to date indicate that it will afford some relief. The only difficulty 
from this cause in the operation of the Emscher tank appeared dur- 
ing the ripening period, and when the sludge chamber was excessive- 
ly full of sludge. The scums in general appeared to consist largely of 
light suspended materials of a fibrous nature, such as straw, chaff, 
hair, etc. 

In addition to the scum forming in the gas vent of the Emscher 
tank, a scum, somewhat different, consisting largely of grease has 
persisted on the surface of the settling chamber more or less regu- 
larly. The removal of the grease from the sewage appears to be the 
only cure. 

The chemical precipitation tank has been consistently free from 
scum. Small clots of the floe, with the lighter suspended matter 
entangled therein, appeared in limited quantities, but no continuous 
mat of scum has been recorded, except with the use of alum in place 
of copperas, when a heavy scum soon formed. 

ODOE. The question of odor may perhaps not appear so im- 
portant in this problem as ordinarily, since the general aerial nuis- 
ance from the Stockyards and Packingtown suffices to completely 
overwhelm any slight local odors which might come from the plant. 
On general principles, however, it is desirable to avoid odors so far 
as practicable. 

Of the different methods of tank treatment, the Emscher tank 
was on the whole the least open to criticism. The sludge, as dis- 
charged, had only a slight tarry odor, noticeable only a few inches 
away, although occasionally hydrogen sulphide was perceptible. At 
times, on top of the tank, a distinct odor was perceptible from the 
gas vent, particularly during the ripening period when the gas fun- 
nel was filled with scum, for then, when stirred, the scum had an 
offensive odor, distinctly containing hydrogen sulphide After ripen- 
iag, during the summer of 1913, this tank was in violent ebullition 
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continuously, but nothing more than a trace of hydrogen sulphide 
could be found. 

Comparatively little odor was noticed from the Dortmund tanks 
except when the surface scum was stirred up or when sludge was 
being discharged. In the latter case, in the vicinity of the tank an 
offensive putrid odor was frequently noticeable. The odor from the 
scums, especially when wet, was particularly offensive during 
removal. 

When operated as a chemical precipitation tank, the sludge 
from Tank D frequently had a peculiarly sweet sickish or metallic 
odor, decidedly offensive and entirely distinct from the other sludges. 
At times this was strong in the immediate vicinity of the tank. 

TABLE 94. 

AVERAGE MONTHLY TEMPERATURES OF CRUDE SEWAGE 
IN CENTER AVE. SEWER, AND VARIOUS EFFLUENTS. 



Date 



Average Monthly Temperature in Degrees Fahrenheit 



Airt 



Crude 
Sewage 



Grit 
Cham- 
ber 
Effluent 



Effluent Effluent Effluent 



Tank 
C 



Tank 
D 



Tank 
E 



Sprink- 
ling 
Filter 
Effluent 



Basin 

F 

Effluent 



Remarks 



1912 
Sept.*... 

Oct 

Nov. . . . 
Dec 



1913 

Jan 

Feb 

Mar. . . . 

Apr 

May. . . . 
June. . . . 

July 

Aug 

Sept. . . . 

Oct 

Nov. . . . 
Dec 



59 
59 
43 
33 



29 
25 
35 
49 
58 
71 
75 
74 
65 
53 
47 
37 



85 
80 
70 
66 



65 
62 
60 
67 

75 
84 
87 
89 
86 
77 
73 
70 



84 
80 
70 
68 



65 
62 
61 
68 
75 
84 
87 
89 
86 
77 
73 
70 



86 
88 
84 
76 
72 
69 



82 
77 
68 
67 



64 

60 

58 

66 

73 

83 

86* 

88 

84 

76 



82 
78- 
67 
65 



63 
60 
58 
62 
73 
83 
86 
88 
84 
76 
71 
69 



57* 
56 
51 
47* 



50* 
49* 



*15 days 

*i9 days 

*7 days 

*4 days 
*18 days 

*Part of' 
. month 



Avg. 1913 

1914 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 



52 



32 
20 
36 
48 
62 
70 
75 
74 



75 



64 
63 
63 
69 
74 
84 
93 
93 



75 



64 
63 
64 
69 
74 
84 
93 
93 



79 



63 
60 
62 
67 
73 
83 
91 
90 



73 



62 
59 
60 
67 
72 
83 
92 
91 



73' 



64 

62 

61* 

68 

73 

83 

91 

91 



53 



44 

44 

47* 

55 

64 

71 

78 

78 



49 



45 

44 

48* 

55 

65 

71 

78 

79 



t U. S. Weather Bureau on Federal Building, Chicago. 
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The material removed by the rotary screen was entirely inodor- 
ous and inoffensive when fresh. After lying on the ground in thin 
layers for a few days, however, a very foul putrid odor developed 
in the under layers. 

OPERATION. Most of the details of operation were discussed 
indirectly under other headings, particularly the formation of scum, 
disposal of sludge, and details of cleaning. However, chemical pre- 
cipitation also involves constant attention to the application and 
control of the chemicals, as well as to the more complicated appa- 
ratus required / 

TEMPEEATURE. Ice formed upon the tanks, only when the 
surface layers of scum froze, the initially high temperature of the 
sewage preventing freezing, particularly as the drop in temperature 
in passing through the tanks rarely exceeded two degrees Fah. 
(Table 94). 

CONDITIONS OF FLOW. All results have been based on a 
uniform rate of flow through the tanks for the entire 24 hours. As 
a matter of fact the flow in the sewer fluctuates between wide limits 
at different times during the day. The bulk of sludge deposited in 
the tanks settles out during hours of heavy day flow, however, and if 
this is used as a basis for design, the rate of accumulation and neces- 
sary detention period should differ little from the results obtained 
at the uniform, rate. Analyses of the tank influents and effluents 
show that in general less than 10 per cent, of the total suspended 
matter deposited during the entire 24 hours settles out during the 
nine night hours. 

SETTLING EXPERIMENTS. To determine the settling char- 
acteristics of the sewage, tests were run under quiescent conditions 
in a manner similar to those first made at Cologne, Germany*, and 
, identical with those made at the 39th St. pumping station. 

The apparatus used in our experiments consisted of a cylindrical 
galvanized iron can 2 ft. in diameter and 9 ft. deep, fitted with taps 
and nipples projecting inside the can to the center so that the sam- 
ples drawn were taken from points in a vertical line. Crude sewage 
was admitted rapidly at the bottom, keeping the contents thoroughly 
stirred during the filling. The run was assumed to start on the com- 
pletion of filling. Samples were taken from each of the taps as soon 
as the can was filled, and a composite sample made to represent the 
crude sewage. The can was filled to a depth of 8 ft. 6 in. Samples 
were withdrawn for analysis 18 in. beloW the surface at the time in- 



*Mittheilungen aus der Koniglichen Prufungsanstalt fur Wasserversorgimg und 
Abwasserbeseitigung. Berlin, Heft. 4, pp. 40-45. 
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tervals indicated in table 95. The Cologne experiments were made 
in a vessel 15| in. square and 8 ft. 2^ in. deep, the contents being 
stirred with a paddle prior to the beginning of the run. The samples 
were collected from a tap 6 ft. 6f in. above the bottom, or 19f in. 
below the surface. 

The results of our tests (table 95) ifidicate marked reductions 
in total and volatile suspended matter. To make clearer the rela- 
tion between sedimentation time and percentage removal of sus- 
pended matter, the removals have been plotted (Fig 17), the results 
of the 39th St. experiments being added for comparison. As the 
available data on the Cologne experiments give only the removal 
of volatile matter, a second plot (Fig. 17), has been inserted, show- 
ing the percentage removals of volatile matter, including both the 
39th St. and the Cologne experiments. To show the effect of varying 
amounts of suspended matter in the crude sewage, the results have 
been averaged and plotted by groups according to the initial sus- 
pended matter. 

With the weak 39th St. sewage, a substantial reduction takes 
place, both of total and volatile suspended matter, up to the 4th 
or 5th hour. With the very heavy Stockyards sewage, the reduction 
after two hours was slight, while the comparatively strong Cologne 
sewage deposited most of its settleable volatile matter within the- 
first two hours, although the increase in reduction for the next two or 
three hours was somewhat greater than for the Stockyards sewage. 

The quiescent experiments indicate that a removal of from 54 
to 93 per cent, of the total material in suspension may be attained 
by 2 hr. quiescent settling, while at the end of 12 hr., the removal 
varied from 55 to 97 per cent., according to the original content of 
suspended matter. An average removal of 76 per cent, was attained 
at the end of 2 hr., while the removal at the end of 12 hr. averaged 
79 per cent., which probably represents approximately the percent- 
age of settling solids. The removal at the end of two hours is ap- 
preciably better than in the tanks with the same theoretical deten- 
tion period, but the former results are raised by the inclusion of a 
number of tests from sewage much higher in suspended matter than 
the average throughout the day, and the percentage removals were 
correspondingly greater. With identically the same sewage, a 
slightly greater removal might occur under quiescent conditions. 

Samples taken at the end of 12 hr., at depths of 7 ft; in., 7 ft. 
9 in. and 8 ft. 3 in., showed a considerably smaller decrease in sus- 
pended matter over the results obtained at depths of 18 in. and in 
some cases an actual increase was recorded. This simply indicates 



171 



IX! 

o 



I 

o 

iz; 
o 

I— I 
P 



< a 

H 

03 

13 
O 
CQ 
H 

iz; 
S 

t— I 



11^ 
a Q 



^^ P. 



W<1 






■ O -!*< Oi CO Tt< Ttl 

■ »o cc »o ■<*< 00 



O 
P 

Iz; 

PL, 
OQ 

I-:; 

o 



Iz; 
o 

)— 1 

H 
O 

Q 
S 

iz; 
o 

Ph 



OOOOOOOOlMTtti-loO 
00CX)00t~00-*l>COl>^ 



t^cDCDI>CD0000(MO5(N 



i-ICClOOsastNO^DOOlO 



QOCO'*^— llOOOCO-HCTi 
CO^-^t-HCOt-KNCO"^ 



oooooooooo 

COC0(Mt>-lO00»O-^CDCO 

oscocDOOaoooooot^io 



OOOOCiOT-iOOiO>-H050 



C0I>-»O-^a3(N00CDOi-H 
(M (N(M"-I i-IMi-H 



0<M001010050 -MCO 
O 05 CO t^ -^ (M CO -CDtH 






Q 

Q 
Iz; 
1^ 

OQ 
03 

t— I 
H 

O 






lOOiOrJlOOOOOiCOiO 



"^oOOiCNCDOiOOlCCO 



Iz; 
o 

O 

o 

O 

PLh 



lO-^OOSi— IOS»005CQCO 

t^oo*^cor^»oioocDio 



,-iio-^>-ioco-*>-itoig 



3 ^ 



3 3 



SS^^SS^"^^"" 


T-100t*COCD»O»OlO'^'^ 

T— t 


OOOOOlOOOOj-iOOlO 


June 27 

25 

July 2 

June 23 

July 9 

8 

16 

11 

June 30 

July 11 



loa 



90 



70 

\ 
\ 

'^50 

'ao 

30 



SO 



172 

Toto/ .Sc/spended Maf/ir 















'Stock 


Yorc/s 


'esofo 


/S30P/? *^.-37e3A 




&yC2 — 








"^3 7 — 




rv/p^ J.-. 


f/i-fAAttjU 


AThes^f^ 












f 


I' 


-^Sa^yI. 


■tfoeJ 


TzeePf' 


Mjres 










/ 


^ 


^"^ 


'^'^ 


-^0^ 


WoTs* 


'Rmsi 


esfs 










^^ 


/ 


^ 


' 


SfocM 


yards 


s6oe/?/ 


n-/-Teat 













'■ "^ 


^^ 






-r-^ 


r-pfii. 


rfeds 










r ° 

lb / 
f •/ 


/ 

^ 




--^ 


.^0- 


j-ga^ 














/ 




^<^ 




















r 

fr' ° / 


/^ 






















1/ "•/" 
1 / 
























/„ 

























WO 



l/o/o///e So3pene/e</ Ma/ir 




5 6 7 

77rr7e -//oora 
Fig. 17. Removal of Suspended Matter by Quiescent Settling. 
Note. Upper diagram is based on total suspended matter. Lower diagram 
is based on volatile suspended matter. 



173 

that practically all the suspended matter had dropped to the bottom 
of the can. 

The conclusion to be drawn from these experiments is that a 
comparatively short sedimentation period is sufficient for the re- 
moval of most of the suspended matter in this sewage under quies- 
cent conditions. In tanks of the upward flow type where the upward 
velocity is opposed to the descending settling matter, these results 
would be modified somewhat. With horizontal velocities, however, 
fairly rapid settlement may be expected. A removal of from 55 to 
97 per cent, of the total suspended matter is attained at the end 
of 12 hr., representing the proportion of suspended solids which 
may be assumed as capable of subsidence. The average removal at 
the end of 12 hr., 79 per cent., is probably somewhat high for the 
average sewage of the entire 24 hr. 
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CHAPTER XIII. 



SPRINKLING FILTER. 

GENERAL. The construction of the filter has been described 
in Chapter IV. A f in. Taylor nozzle, throwing a circular spray, 
was used, on account of the limited head available on the square 
bed, and in all calculations relating to rate of dosing, the effective 
area has been taken as tha.t of a circle tangent to the sides of the 
filter," namely 171 sq. ft. or 0.00393 acre. 

RATE. Table 96 shows the schedule of operation. Up to April 
1, 19JL4, a net yield of about f mil. gal. per acre daily was secured, a 
rest of one day in seven being provided- During the winter this 
rate was somewhat exceeded, owing to the necessity for continuous 
operation to prevent freezing. On Apr. 1, 1914, the rate was in- 
creased to give a net yield of approximately one mil. gal. per acre 
daily, and on Aug. 1, 1914, the rate was still further increased. 



TABLE 96. 

SPRINKLING FILTER. 
Monthly Summary of Operation. 



Date 



Av. Hr. 

Operated 

Daily 



Gross Rate 
Mil. Gal. 
per Acre 

per 24 Hr. 



Yield, 
Mil. Gal. 
per Acre 
per 24 Hr. 



Remarks 



1913 
Sept. 22 to 30. . . 

October 

November 

Dec. 1 to 18 ... . 



23.2 
20.8 
19.9 
20.9 



1914 

Jan. 3 to 31 22.2 

February 21.8 

Mar. 1 to 9; 20 to 

31 21.6 

April 20.5 

May 19.7 

June 19.9 

July 18.8 

Aug 19,8 



0.844 
0.844 
0.844 
0.902 



0.941 
0.839 

0.810 
1.190 
1.186 
1.135 
1.238 
1.438 



0.816 
0.733 
0.700 
0.782 



0.900 
0.758 

0.730 
1.017 
0.978 
0.941 
1.012 
1.188 



Started Sept. S2 



Shut down Dec. 18 for 
repairs. 

Started J^n. 3. 

Shut down Mar. 9 to 20. 



ANALYSES. Monthly averages of the filter effluent are shown 
in table 97. The comparative results with the other devices, tested 
by the biologic oxygen consumed method, are given in table 113. 

REDUCTION IN SUSPENDED MATTER. Table 98 shows 
the average monthly reduction in suspended matter for the 
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TABLE 98. 

SPRINKLING FILTER. 
Removal of Suspended Matter. 



Date 



Suspended Matteb in Pabts per 
Million 



Influentft 



Tot. VoL Fixed 



Effluent 



Tot. Vol. Fixed 



Per Cent 
Reduction , 



Tot. 



Vol. 



Fixed 



Remarks 



1913 

Sept.22to30 
October . . 
November 
Dec. 1 to 18 

1914 
Jan. 3 to 31 
February . 
Mar. 1 to 9; 

20 to 31 
April 



May 

June 

July 

Aug 

1913 
Sept.22to30 
October. . . . 
November . 
Dec. 1 to 18. 

1914 
Jan. 3 to 31 . 
February. . . 
Mar. 1 to 9; 

20 to 31. 
April 







DAY SAMPLES-SUNDAYS OMITTED. 


258 


210 


48 


98 


66 


32 


64 


69 


33 


248 


184 


64 


321 


146 


175 


29* 


21 


174* 


262 


205 


57 


144 


99 


45 


45 


52 


21 


276 


231 


45 


135 


103 


32 


51 


55 


29 


228 


180 


48 


109 


71 


38 


52 


61 


21 


193 


154 


39 


122 


88 


34 


37 


43 


13 


173 


147 


26 


117 


80 


37 


32 


46 


42* 


137 


111 


26 


208 


148 


60 


52* 


33* 


131* 


156 






140 






10 






112 






99 






12 






107 






81 






24 






83 






73 






12 







Filter un- 
loading 



May. 
June. 
July. 
Aug. . 



NIGHT SAMPLES— SUNDAYS INCLUDED, IN 1913. 



88 


74 


14 


233 


128 


105 


163* 


73* 


650* 


84 


63 


21 


318 


136 


182 


279* 


116* 


767* 


98 


69 


29 


137 


88 


49 


40* 


28* 


69* 


95 


66 


29 


105 


72 


33 


10* 


9* 


14* 


86 


63 


23 


63 


44 


19 


27 


30 


17 


52 


39 


13 


69 


52 


17 


33* 


33* 


31* 


89 


70 


19 


120 


77 


43 


35* 


10* 


126* 


51 


38 


13 


158 


111 


47 


210* 


192* 


261* 


58t 






115t 






98* 






67 






72 






20* 






53 






74 






40* 






43 






64 






59* 







Filter un- 
loading 
fTen days 
only 



1913 DAY AND NIGHT (24 Hours) SEWAGE— SUNDAYS OMITTED. 



Sept.22to30 
October. . 
November 
Dec. ltol8. 

1914 
Jan. 3 to 31 . 
February . . 
Mar. 1 to 9; 

20 to 31 
April 



May. 
June. 
July. 
Aug. . 



197 
196 
204 
210 

164 
141 

141 
104 

125t 
92 
87 
68 



163 
144 
158 
171 

127 
111 

116 
83 



34 
45 
46 
39 

37 
30 

25 
21 



148 
319 
147 
124 

90 
104 

121 
183 

123t 
86 
78 
70 



89 

142 

99 

91 

59 
75 

79 
132 



59 

177 

48 

33 

31 
29 

42 
51 



25 
63* 
28 
41 

45 
26 

14 
76* 

2 
7 
11 
3* 



1 
37 

47 

54 
32 



59* 



42. 
293* 
4* 
15 

16 
3 

68* 
143* 



Filter un- 
loading 

tlO days 
only 



* Denotes increase. 

tt Emscher tank effluent. 
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day, night and 24-hr. samples. The effluent has been consistently- 
high in suspended" matter, especially in October, 1913, the percent- 
age reduction on the 24-hr. samples ranging from an increase of 76 
per cent, to a decrease of 45 per cent. The increase in October, 1913, 
was doubtless due to the washing out of the residual dust adhering 
to the filtering medium, as the increase is entirely in the fixed mat- 
ter. During the unloading period in April,' 1914, the filter also was 
discharging more suspended matter than it received. 

In the filter effluent was contained considerable suspended mat- 
ter of a different character, however, from that in the influent, being 
fine, granular, and settling in the sample bottles with comparative 
rapidity. Mineralization of the suspended matter applied to the 
filter occurred to a coiisiderable eixtent, as evidenced by the marked- 
ly higher proportion of fixed matter in the effluent and the lower 
percentage reduction in this constituent than in the volatile sus- 
pended matter. So far, the filter has stored less than 20 per cent, 
of the applied suspended material based on the chemical analyses 
of influent and effluent. Marked unloading occurred in April, 1914, 
a large increase in suspended- matter over that applied being noted. 

NITRIFICATION. A high degree of nitrification was quickly 
established, the nitrates in the effluent rising to 17.3 p. p. m. on Oct. 
2, 1913, 10 days after the filter was placed in operation. Table 97 
shows the monthly averages for nitrates in effluent. Ordinarily the 
Bmscher tank effluent contains from 1^ to 4 p. p, m. of nitrates. The 
filter effluent has averaged about 17 p. p. m. on the day samples; 
after the first few days of operation. With the large increase in 
nitrates, a corresponding reduction in organic nitrogen, ranging 
from 60 to 77 per cent, occurred. A high reduction in oxygen con- 
sumed likewise is noted (Tables 38 and 97) 

PUTRBSCIBILITY. Samples for putreseibility were taken 
four times daily, at 3 A. M., 9 A. M., 3 P. M., and 9 P. M., being in- 
cubated for ten days at 20 deg. C, with the addition of methylene 
blue in 150 c.c, equivalent to 0.4 c. c. of a 0.05 per cent, aqueous 
solution. Twenty days was originally adopted as the incubation 
period, but it was found that samples not decolorized at the end of 
10 days might, for all practical purposes, be considered stable The 
average results by months are shown in Table 99. Relative stability 
figures are shown in Table 100. These are computed from the 
Phelps tables, except that samples holding out for 10 days have been 
given a relative stability of 100. 

The 3 A. M. and 9 A. M. samples represent the weak night sew- 
age, while the 3 P. M. and 9 P. M. samples represent the strong day 
sewage.. 
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TABLE 99. 

SPRINKLING FILTER. 
Results of Putrescibility Tests on Filter Effluent. 





Number of Samples 




Per Cent Putbescible 


Date 


3 
A.M. 


9 

A.M. 


3 . 

P.M. 


9 
P.M. 


Total 


10-Day Basis 


4-Day 




3 A.M. 


9 A.M. 


3 P.M. 


9 P.M. 


Total 


Total 


1913 
Sept. 22 

to 30. . . 
October . . 

Nov 

Dec. 1 to 

18 

1914 
Jan. 3 to 

31 

Feb 

Mar. 1 to 
9; 20 to 31 

April 

May .... 
June .... 

July 

Aug 


1 
25 
21 

11 

22 
15 

11 
24 
24 
25 
22 
25 


2 
24 
24 

13 

24 
18 

15 
24 
23 
22 
23 
22 


2 
26 
23 

16 

23 
17 

11 
25 
23 
24 
24 
26 , 


2 
24 
24 

13 

23 
15 

12 
23 
22 
25 
24 
25 


7 
99 
92 

53 

92 
65 

49 
96 
92 
96 
93 
98 



68 
62 

45 

95 
67 

36 

79 

4 

8 

5 

48 



46 
16 

54 

\ 

92 
39 

20 
46 
17 
18 
13 
36 


50 
81 
43 

50 

96 

88 

36 
64 
13 
13 

25 

42 


100 
54 
63 

69 

91 
80 

33 
65 
27 
12 
4 
4 


43 
63 
46 

55 

93 
60 

31 
64 
15 
12 
12 
33 


29 
47 
39 

43 

88 
45 

20 

51 

8 

6 

3 

21 



On the whole, there is little choice between day and night re- 
sults in percentage of putrescible samples and relative stability. To 
date, about 35 per cent, of the 9 A. M. samples have been putrescible 
on the 10 day incubation basis, while for the other three sampling 
periods, the proportion of putrescible samples in each case has alver- 
aged close to 50 per cent. The better showing of the 9 A. M. samples 
is probably due to collection from the very end of the weak night 
flow when the filter had the longest opportunity to recover from the 
heavy day load, the effect of which apparently extends into the 
night, no appreciable improvement being noted at 3 A. M. Consid- 
ering all samples collected in the course of the day, the percentage . 
of putrescible samples thus far has averaged slightly under 50, with 
a relative stability averaging nearly 75. To correspond with the 
putrescibility tests, made at 39th St. to date, based on a 4 day in- 
cubation period, a column is inserted, giving the percentage of sam- 
ples putrescible after 4 days. Under this less rigid test, the per- 
centage of putrescible samples is considerably smaller, the decrease 
for individual months varying from 5 to 16 per cent. 

Tests for biologic oxygen consumed (see chap. XV) show rela- 
tive stability results in the later months even better than the 
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methylene blue test would indicate, practical stability having been 
attained. 

DISSOLVED OXYGEN. Samples for the determination of dis- 
solved oxygen were taken simultaneously with the putrescibility 
samples. The results, sumnjarized by months in table 101, show that, 
practically at all times, the filter effluent contained a considerable 
amount of dissolved oxygen. 

TABLE 100. 

SPRINKLING FILTER. 

Relative Stability of Filter Effluent. 
Monthly Averages. 



Date 



ReijAtive Stability Number 



3 A.M. I 9 A.M. I 3 P.M. | 9 P.M. | Average 



Remarks 



1913 

October. 55 

November 52 

.Dec. 1 to 18 62 

1914 

Jan. 3 to 31 25 

Feb. 1 to 8; 16 to 28. 82 

Mar. 1 to 9; 20 to 31 76 

April 51 

May 99 

June 96 

July 98 

Aug 70 



77 
88 
82 

40 
83 
88 
76 
86 
92 
97 
85 



56 
79 
80 

36 
63 
83 
65 
92 
96 
92 
80 



56 
71 

31 
56 
83 
60 
88 
94 
98 
95 



64 
70 

74 

33 
71 
82 
63 
92 
94 
96 
83 



Unloading. 



Note: Samples folding out 10 days assumed to have relative stability of 100. 



TABLE 101. 

SPRINKLING FILTER. 
Dissolved Oxygen in Filter Effluent. 



Dissolved Oxygen — Parts per Mil. 



Date 



3 A.M. I 9 A.M. I 3 P.M. | 9 P.M. | Average. 



Per 
Cent 

Sat. 



1913 














•Sfept. 22 to 30 


7.6 


9.4 


8.0 


7.7 


8.2 


78 


October 


5.1 


8.2 


7.5 


4.1 


6.2 


55 


November 


5.1 


8.2 


7.5 


4.1 


6.2 


55 


Dec. 1 to 18 


5.8 


7.9 


7.5 


5.0 


6.4 


54 


1914 














Jan. 3 to 31 


3.0 
6.4 


3.7 
4.8 


4.2 
4.8 


3.5 

2.8 


3.6 

4.8 


29 


February. 


39 


Mar. 1 to 9; 20 to 31 . 


5.5 


5.4 


4.0 


3.4 


4.6 


40 


April 


3.7 


3.9 


3.3 


2.8 


3.4 


32 


May 


4.4 


3.2 


3.7 


2.4 


3.4 


35 


June 


5.6 


5.4 


4.9 


4.5 


5.1 


56 


July 


5.6 


5.2 


4.9 


5.4 


5.2 


63 


Aug 


5.4 


5.0 


4.6 


4.5 


4.9 


59 
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NOZZLE CLOGGING. The nozzle was protected hy a screen 
made of common wire window screening, with 12 meshes to the 
lineal inch, placed in the orifice box Being operated with the orifice 
wide open, the tendency for clogging was minimized. Under these 
circumstances, the nozzle required comparatively little attention. 
Such clogging as occurred was caused largely by small balls of 
grease, probably formed as the sewage cooled ia its flow to the filter 
as well as by detached pieces of fungous growths from the supply 
pipe. During the spring the loss of capacity of the pipe, due to 
growths, made cleaning necessary to maintain the spray at the outer 
edges of the filter. Occasionally, long thin particles of solid material 
such as bits of straw, etc., passed the screen and resulted in clogging. 

BIOLOGICAL LIFE. Numbers of smair white moth; flies ap- 
peared soon after the filter started, hovering about the edges of the 
spray, but not leaving the immediate vicinity of the filter. With the 
approach of cold weather, they disappeared, except for a few warm 
days during the late fall, and reappeared in the spring They were • 
not present to any marked extent during the summer of 1914. Dur-- 
ing the unloading p'eriod in April, very fine white worms became 
numerous in the filter effluent, large red worms being also found in 
the secondary basin sludge. 

Shortly after the filter started, a brown, bacterial slime began 
to form on the surface stones, soon covering the whole surface of 
the filter, and persisted through the cold weather. At intervals, 
patches of the growth became detached from the stones, but these 
were promptly renewed. 

ODOR. A distinct odor was perceptible in the immediate vi- 
cinity of the filter, resembling the odor from decayed vegetables. 
The scum and sludge removed from the secondary settling basin had 
the same odor. In a large installation, the open filters might pro- 
duce an odor of sufficient intensity to require thorough precautions 
to avoid nuisance in the immediate vicinity. 

TEMPERATURE AND ICE FORMATION. The filter ran 
throughout the winter, although a heavy ring of ice formed around 
the edges of the spray. Otherwise the surface was always open, 
except during protracted shut-downs, when a thin- coating of ice 
sometimes formed. The high temperature of the sewage will un- 
doubtedly prevent any trouble with ice on open filters. 

APPEARANCE OF EFFLUENT. The effluent was almost uni- 
formly free from turbidity. The suspended matter unloaded was 
coarse, granular, and quick settling. 



181 

SURFACE CLOGGING. No surface clogging of any conse- 
quence was noted. Before the unloading period in April, the sewage 
was slow to disappear at a few spots, but thereafter this condition 
entirely disappeared. Raking of the surface stones also helped. 

EFFECT OF DEPTH AND SIZE OF STONE. The effect of 
variations in depth and size of stone was not studied. "With a total 
depth of six feet, good results were obtained with the li to 2-in. 
stone. Presumably, greater depths would give an efSuent of some- 
what better quality. 

Although no clogging of note has occurred thus far, it is pos- 
sible that somewhat larger stone .would facilitate the unloading of 
the lajrge quantities' of solid matter stored in the filter at times. The 
question of grease retention also is important, although up ' to date 
no difficulty has occurred. If larger stone is used, some increase 
in depth might be warranted. 

GROWTHS 'IN PIPES. A black^^slimy fungous growth accu- 
mulated quickly; in the' supply pipe, sometinles attaining a thickness 
of ^ in. seriously impairing "the capacity of the pipe and making fre- 
quent cleanings necessary to maintain sufficient head on the filter 
nozzle. This suggests the value of ready accessibility in the dis- 
tribution of sewage and tank effluents. The formatibn of a slimy 
scum was also noticed in the open wooden troughs supplying the 
tanks. 

SECONDARY SETTLING BASIN. 

REMOVAL lOF SPSPENDBD MATTER. Table 102 shows the 
percentage! of suspended matter iremoved by the secondary settling 
basin, while uniformly operated with a detention period of from 
1.0 to 1.5 hours, with a vertical velocity varying from 2.4 ft. per hr. 
to 3.5jft. per hr. , The removal of suspended matter was smaller than 
is desirable or attainable, considering the nature of the material in 
suspension. A lower velocity and longer detention period are ap- 
parently desirable. , , , 

Scum, especially ! during the warmer months, has frequently 
appeared. 'A tank o:^ the Emscher type Would fetain the settling 
material arid obviate most if not hll of > the scum. 

PUTRESCIBILITY AND DISSOLVED OXYGEN. Samples 
for putrescibility (table 103) and dissolved oxygen determinations 
were taken 4 times daily, corresponding to the filter samples with 
allowance for the detention period in the basin. Relative stability 
figures are shown in table 103a. 
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The results of the dissolved oxygen tests (table 104) are prac- 
tically the same as for the filter, a slight dimiriution in oxygen oc- 
curring through the tank.- 

TABLE 102. 

SPRINKLING FILTER. 
Removal of Suspended Matter by Secondary Settling Basin. 



Date 
1913-14 



Suspended Matter — Pabts pee Mil. 



Influent 



Total Vol. Fixed 



Effluent 



Total Vol. Fixed 



Per Cent 
Reduction 



Total Vol. Fixed 



Period 

of 
Flow 
Hr. 



Up- 
ward 
Vel. 
Ft.per 
Hr. 



Dec. 4-18 


137 


110 


27 


90 


73 


Jan. 3-31. 


109 


71 


38 


63 


45 


Feb 


122 


88 


34 


112 


77 


Mar. 1-9; 












20-31.. 


120 


82 


38 


53 


41 


April 


208 


148 


60 


99 


74 


May 


126t 






72.t 




June 


99 






108 




July 1-22 


90 






76 




" 22-31 


65 






60 




Aug 


73 






33 





DAY SEWAGE. 

17 
18 
35 



12 
25 



34 

41 

8 

56 
52 
43t 

9* 
16 

8 
55 



34 
37 
12 

50 
50 



37 
63 
3* 

68 
58 



1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.3 



2.4 
2.4 
2.4 

2.4 
3.5 
3.5 
3.5 
3.5 
2.4 
2.7 



NIGHT SEWAGE. 



Dec. 4-18 
Jan. 3-31 
Feb. 
Mai. 1-9; 
20-31.. 
April. 
May 
June. , 
July 1-22 
July 22-31 
Aug. 



Dec. 4^18 
Jan. 3-31 

Feb 

Mar. 1-9; 

20-31 
April. . . 
May. . . 
June. . . 
July 1-22 
July 22-31 
Aug 



94 


65 


29 


76 


51 


25 


19 


22 


14 


1.0 


?. 4 


63 


44 


19 


41 


29 


12 


35 


34 


37 


1.0 


?, 4 


69 


52 


17 


49 


38 


11 


29 


27 


35 


1.0 


2.4 


120 


77 


43 


121 


75 


46 


1* 


3 


7* 


1.0 


?. 4 


158 


111 


74 


86 


61 


25 


46 


45 


64 


1.0 


3 5 


109t 






63t 






42 






1.0 


3 5 


72 






60 






17 






1.0 


3 5 


75 






59 






21 






1.0 


3 5 


72 




. , 


33 






54 






1.5 


?, 4 


64 


HA 


.Y AN 


32 

D NIG 


HT SI 


:WAG] 


50 

D (24 I 


lour). 




1.3 


2.7 


125 


95 


30 


84 


62 


22 


32 


35 


27 


1.0 


9. 4 


90 


59 


31 


53 


37 


16 


41 


37 


48 


1.0 


2 4 


104 


75 


29 


90 


62 


28 


14 


"17 


4 


1.0 


2.4 


126 


82 


44 


83 


56 


27 


34 


32 


39 


1.0 


9. 4 


183 


132 


51 


85 


62 


23 


54 


53 


55 


1.0 


3 5 


115t 






65t 






44t 






1.0 


3 3 


86 






92 






7* 






1.0 


3 5 


84 






70 






17 






1.0 


3 5 


67 






50 






25 






1.5 


?, 4 


70 






33 






53 






1.3 


2.7 



* Denotes increase, 
t Part of month only. 



183 

SLUDGE. Table 105. gives the rate of sludge accumulation, 
varying considerably between individual measurements. Little scum 
appeared during cold weather, unless the flow was shut off for some 
time. With the approach of warm weather, scum formation became 
excessive, comparatively little sludge being retained in the bottom 
of the tank. 



TABLE 103a. 
SPRINKLING FILTER. 

Relative Stability of Secondary Settling Basin Effluent. 
Monthly Averages. 



Date 



Relative Stability Number 



4 A. M. 10 A. M. 4 P. M. 10 P. M. Average 



Remarks 



1913 

Nov 100 100 100 100 100 

Dec 74 78 85 69 76 

1914 

Jan 36 42 30 34 35 

Feb 78 79 63 47 67 

Mar 65 87 84 78 79 

Apr 62 89 77 59 69 

May 96 93 92 91 93 

June 100 97 93 91 95 

July 100 98 94 97 98 

Aug 89 80 80 94 86 

Note. — Samples holding out 10 days are assumed to have relative stabil- 
ity of 100. 



The sludge was uniformly of a dark brown color, of smooth 
consistency, with an odor resembling that of decayed vegetables. 
Typical analyses (table 106) ^how a comparatively large content of 
nitrogen, low fats, and a decreased percentage of volatile matter 
compared with fresh sludges. During the spring, the sludge re- 
moved from the tank contained numerous fine white worms. 
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TABLE 103 

sp:^inkling filter. 

Showing Results of Putrescibility Tests on Secondary Settling Basin Effluent. 





Number of Samples 


Per Cent Putebsoiblb 


Date 


4 
A.M. 


10 

A.M. 


4 
P.M. 


10 
P.M. 


Total 


4 
A.M. 


10 
P.M. 


4 
P.M. 


10 
P.M. 


Total 


Total 

(4 
days) 


1913 
Nov.26-30 
Dec. 1-18 

1914 
Jan. 3-31. 

Feb 

Mar. 1-9; 
20-31.. 

Apr 

May 

June 

July 

Aug 


4 
10 

21 
16 

10 
24 
21. 
24 
23 
25 


4 
11 

23 
17 

12 
22 
18 
21 
22 
20 


4 
12 

23 
16 

12 
24 
20 
24 
23 
26 


4 
13 

23 
15 

10 
23 
21 
24 
24 
25 


16 
46 

90 
64 

44 
93 
80 
93 
92 
96 



50 

86 
38 

50 
71 
10 


28 



36 

87 
35 

17 
18 
17 
10 
5 
40 



42 

100 
69 

25 
46 
20 
21 
9 
27 



69 

91 
93 

50 
65 
14 
25 
4 
8 



55 

91 

58 

34 
51 
15 

15 

4 

25 



36 

88 
52 

27 
43 
10 
3 
2 
17 



TABLE 104. 

SPRINKLING FILTER. 
Dissolved Oxygen in Secondary Settling Basin Effluent. 



Date 



1913 
Nov. 26 to 30 
Dec. 1 to 18 . . 



Dissolved Oxygen — Parts per Mil. 



4 A.M. I 10 A.M. I 4 P.M. | 10 P.M. | Average 



8.1 
5.2 



1914 • 

Jan. 3 to 31 2.7 

February 6.6 

Mar. 1 to 9; 20 

to 31... 3.5 

April -. 2.7 

May 4.6 

June 5.2 

July 5.0 

Aug 4.6 



8.4 
6.2 



3.3 
4.4 

4.3 
4.2 
2.9 
4.5 
4.5 
4.6 



8.1 
6.4 



4.1 
3.8 

1.9 
2.9 
2.6 
4.6 
4.6 
4.4 



8.6 
5.5 



3.5 
3.3 

3.5 
2.4 
2.6 
4.1 
4.9 
4.3 



8.3 
5.8 



3.4 

4.5 

3.4 
3.0 
3.2 
4.6 
5.0 
4.5 



Per Cent 
Satura- 
tion 



73 
56 



28 
37 

29 
28 
36 
51 
61 
54 



Remarks 
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TABLE 106. 

SPRINKLING FILTER. 

Showing Analyses of Sludge from Secondary Settling Basin. 



Date 
1913 


Specific 
Gravity 


Per Cent 
Moisture 


Dkt Weight — PERCENTAaB 


Nitro- 
gen 


Volatile 
Matter 


Fixed 

Matter 


Ether 
Soluble 


1913 

Deo. 10 

20 

1914 

Mar. 27 

Apr. 10 

30 


1.00 
1.01 

1.02 
1.02 
1.04 


94.6 
94.1 

95.5 
95.9 
90.7 


4.54 
4.64 

3.76 
3.60 
3.28 


64 
63 

67 
60 
54 


36 
37 

33 
40 
46 


4.36 
9.56 

4.48 
4.66 
5.12 



187 



CHAPTER XIV. 



PAT TREATMENT. 

GENERAL. The fat content of the Center Ave. sewage and of 
the various tank sludges has been commented on previously. How- 
ever, the large amount of fat normally present warranted special 
studies to determine the feasibility of fat removal by various meth- 
ods and the influence of the fat on the treatment devices tried. 

FAT CONTENT OF CRUDE SEWAGE. Fat analyses were not 
made as a routine procedure. The occasional determinations, sum- 
marized in table 15, were made on acidified samples, and therefore 
represent practically the entire fat content. Compared with the nor- 
mal fat content of the 39th St. sewage, about 25 parts per> million, 
and that of other domestic sewages, the fat in the day sewage, espe- 
cially during the heaviest hours, is very high, although much lower 
in the night flow. Some seasonal variation undoubtedly occurs. The 
eare in operating the skimming basins in the packing houses, as well 
as the kill, has an influence. 

The fat appears in a scum on the surface of the grit chamber 
in cold weather, and on Bubbly Creek at all times. The scum forms 
largely by chilling, when the hot sewage comes in contact with the 
cooler air or river water. 

Animal fat is essentially a mixture of stearine, palmitine and 
olein. The first two are solid at ordinary temperatures, having melt- 
ing points of about 160 deg. and 150 deg. Fah., respectively. Olein is a 
liquid with a melting point of 23 deg. Fah. The melting point of 
a so-called fat or grease depends upon the relative proportions ia 
the mixture of these three Constituents. In September, 1913, the 
ether extract from the grit chamber scum had a melting point of 
about 79 deg. Fah. Since the temperature of the sewage during the 
warm months is above 79 deg. (Fig. 10), the tendency to congeal 
and rise as scum is largely lost. "With cold weather, the accumu- 
lation of scum increases (table 20). The scum accumulating on the 
river continues during the summer, however, probably because of 
the chilling effect of the colder river water, seldom over 70 deg. Fah. 
The amount of fat recoverable in this way has led several packers to 
maintain skimming plants at the Ashland Ave. and Center Ave. 
outlets. 

REMOVAL OF FAT BY VARIOUS DEVICES. Although scum 
is removed in large quantities from the surface of the grit chamber 
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during cold weather, the amount of fat actually skimmed is only 
about 11 per cent, of the total fat in the sewage, as indicated by a 
series of tests on the day sewage covering one week in March, 1914. 
During the warmer months of the year, when little or no scum forms, 
a smaller recovery occurs. 

The amount of fat removed from the day sewage (grit chamber 
efSuent) by the various tanks is shown on table 107. The Emscher 
and Dortmund tanks removed approximately 50 per cent., which is 
equivalent to between 600 and 700 lbs. per mil. gal. Some change, 
in rates and velocities of flow were made during the period covered 
by these tests. With chemical precipitation treatment, the, removal 
averaged 66 per cent., corresponding to a retention of about 900 
lbs. per mil. gal. This may be due to. the more complete precipi- 
tation of suspended solids and to the formation of insoluble lime 
soaps which are dragged down by the precipitant. 

The results (table 108) for the Emscher tank and the sprinkling 
filter show that on an average about 50 per cent, of the grease leav- 
ing the grit chamber was retained by the tank while nearly 20 per 
cent, was caught in the filter, or approximately 225 lbs. per mil. gal. 
The chilling of the sewage by spraying probably causes the removal. 
As yet, there is doubt whether this grease is permanently retained 
in the interstices of the filter or whether it is unloaded wholly or 



TABLE 108. 

REMOVAL OF ETHER SOLUBLE MATTER IN SPRINKLING FILTER. 
Day Sewage 8 A. M. to 10 P. M. 



Date 
1914 


Ethek Soluble 
Pakts per Million 


Pee Cent 
Reduction 


Pounds Retained 
Pee Mil. Gal. 


Grit 
Cham- 
ber 


Em- 
scher 
Tank 


Sprink- 
ling 
Filter 


Em- 
scher 
Tank 


Sprink- 
ling 
FUter 


Total 


Em- 
scher 
Tank 


Sprink- 

Ung 

Filter 


Total 


Mar. 20 to 21 

23 to 24 
25 to 26 

Apr. 20 to 25 
27 to 
May 2 

May 4 to 9 
11 to 16 
18 to 23 

June 15 to 16 

24 to 25 
July 3 to 4 


145 
208 
178 
129 

165 
142 
145 
186 
161 
150 
119 


135 

104 

75 

45 

50 
75 
55 
97 
74 
70 
85 


29 
24 
24 
46 

46 
45 
32 
86 
46 
28 
26 


7 
50 
58 
65 

70 
47 
62 
48 
54 
53 
19 


73 
38 
29 
1* 

2 
21 
16 

6 
17 
28 
59 


80 
88 
87 
64 

72 
68 
78 
54 
71 
81 
78 


84 
868 
860 
701 

960 
670 
751 
743 
726 
667 
284 


885 
668 
425 
8* 

33 
250 
192 

92 
250 
350 
492 


969 
1536 
1285 

693 

993 
920 
943 
835 
976 
1017 
776 


Average. . . . , 


156 


72 


45 


54 


17 


71 


700 


225 


925 



* Denotes increase. 
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in part. If retained, a progressive diminution in capacity may end 
in complete stoppage of the voids. No evidence of such clogging 
has as yet appeared. A sample of the slime scraped from the stones 
just below the surface of the bed showed an ether soluble content 
of 7.6 per cent. Tests lasting one week in March, 1914, showed the 
removal of residual fat by the secondary settling basin to be com- 
paratively insignificant. 

FAT IN SLUDGES. The fat removed from the sewage in the 
tanks should appear either in the sludge or scum. Routine analyses 
of sludges and scums were shown in tables of sludge and scum anal- 
yses in previous chapters. In general from 5 to 10 per cent, of the 
dry residue in the bottom sludge is ether soluble material, whereas 
the scums have averaged as high as 20 per cent., and the thin greasy 
scum, frequently appearing on the surface of the settling compart- 
ment of the Emscher tank, has contained as high as 50 per cent. 

The routine sludge and scum analyses were all made by simple 
ether extraction without first acidifying the sample, and do not in- 
clude the fats combined as soaps. A few random analyses, following, 
indicate that the total fat obtained after acidification may consid- 
erably exceed the amount usually determined. 



COMPARISON OF ETHER SOLUBLE MATERIAL IN ACIDIFIED AND NON- 
ACIDIFIED SAMPLES. 



Tank 


Material 


Ether Soluble 
Percentage of Dry Weight 


Remarks 




Not Acidified | Acidified 




C 
D 


Scum 

Sludge 
Sludge 
Scum 
Scum 


11.4 23.3 

7.4 10.0 
10.0 23.6 
62.3 69.0 
12.6 29.8 


Chemical 
Precipitation 


C 




Grit Chamber 




E 


From gas vent 



RECOVERY OF GREASE. Various experimentors have tried 
to recover the grease contained in sewage, but as a rule without 
success, largely because the cost of recovery is high, compared with 
the value of the products recovered. Ordinarily, the attempts have 
/been confined to the sludge produced by sedimentation processes. 
The high content of water is apparently the chief obstacle to success, 
as drying by mechanical means or by heat is usually required. 

The most notable instance of grease recovery probably is at 
Bradford, Bng., where large quantities of wool washing wastes are 
discharged. The sewage averages about 440 p. p. m. of fat. The 
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sludge is treated with' sulphuric acid, heated to 212 deg. Fah. and 
pressed. The grease passes ofE with the hot press liquor and is sub- 
sequently separated in tanks and further treated with chemicals. 
In 1907 a slight Jtrofit was reported, but as certain salaries, interest 
and sinking fund charges were not included, this profit may be ap- 
parent rather than real. At Cassel, Germany, the sludge was pressed 
and the sludge cake dried and disintegrated with steam. The grease 
was separated by extraction with benzine and recovered by steam 
which was afterwards condensed and the grease separated. Not- 
withstanding the sale of fertilizer and grease, the process proved 
Uneconomical. Attempts to treat wet sludge at Frankfort, Germany, 
with benzine proved too costly to be considered, although the dried 
sludge residue contained from 15 to 20 per cent, of grease. 

At Oldham, Eng., it is proposed to treat the sludge with a small 
amount of acid and superheated steam in retorts. The grease will 
subsequently be recovered by condensation. 

Experiments recently made in Boston, Mass., have indicated 
that treatment of the raw sewage by sulphur dioxide gas, produced 
by the burning of pyrites, facilitates the separation of fats to a 
marked extent. The cost of acidification in this manner is claimed 
to be slight as compared with the use of sulphuric acid. By drying 
the sludge and extracting the fat with some solvent, Mr. G. W. Miles 
claims that a profit can be realized from the sale of grease and fer- 
tilizer. The process has not as yet passed the experimental state, 
however, and has not been tried on a working scale. 

The general conclusion elsewhere is that past attempts to re- 
cover grease on domestic sewages have not been profitable and that 
on industrial wastes a profit is seldom shown. However, a way may 
eventually be found to reduce the cost of sludge disposal by recovery 
of grease and fertilizer material, rather than as a commercial under- 
taking for profit. 

ACID EXPERIMENTS. 

GENERAL. The "cracking" or acidification of sewage to re- 
move fat is used in many industrial plants, particularly on wool 
washing wastes. To learn whether, acidification could increase the 
yield of fat from the Center Ave. sewage, tests were made in barrels 
and on a larger scale. In two preliminary tests, made in barrels each 
holding about 40 gal. of sewage, sulphuric acid was added to distinct 
acidification, the liquid being settled for 3 hr. under quiescent con- 
ditions. In the first experiment, the suspended matter was reduced 
from 684 to 26 p. p. m. and the fat from 250 to 52, a reduction of 
79 per cent. In the second experiment, the suspended matter was 
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decreased from 596 to 20 p. p. m. and the fat from 288 to 69 p. p. m., 
a reduction of 76 per cent. The supernatent liquid, at the end of 
the sedimentation period^ was, in both cases remarkably clear. 

TANK TREATMENT. Large scale tests were made in Tank C. 
Commercial acid (66 deg. Be. or 93.5 per cent.), diluted sufficiently 
to facilitate control by a small glass orifice with constant head over- 
flow, was applied to the sewage in the influent trough a few feet 
before entering the tank between 8 A. M. and 11 P. M. The first 
results directly after the start on Aug. 11, 1914, were discarded, as 
acid was not added in sufficient amount to neutralize the alkalinity 
of the sewage. The results given are subsequent to Aug. 24. So 
far as possible, an amount of acid was added to acidify the tank 
effluent, but this result was not always attained. The average rate 
of application was about 3,200 lb. of 100 per cent, acid per mil. gal., 
equivalent to about 22.4 gr. per gal. To neutralize the average alka- 
linity of the day sewage, 300 p. p. m., calculated as CaCO^, theo- 
retically requires about 2,500 lb. per mil. gal. of acid. The rate of 
application was below this figure at tiraes, and the alkalinity ex- 
ceeded the average at other times. 

The tank was operated on a 3-hr. period of sedimentation, acid 
being applied on an average for 14 hr. daily. 



TABLE 109. 

ACID TREATMENT OF DAY SEWAGE AT CENTER AVE. 
AVERAGE RESULTS IN SUMMER, 1914. 



Determination 



No. of 
Days 



Parts per Million 



Grit 
Chamber 
Effluent 



Tank 
Effluent 



Per Cent 
Reduction 



Nitrogen as 

Org. N 18 

Free Amm 18 

Nitrites 18 

Nitrates 18 

Chlorine 20 

Oxygen Consumed 20 

Suspended Matter 

Total 16 

Volatile 16 

Fixed 16 

Alkalinity 20 

Fats 14 



61 


41 


33 


20 


20 





0.37 


0.09 


76 


2,38 


2.04 


14 



1000 
169 



1000 
119 



30 



385 

306 

79 


112 
96 
16 


71 
69 
80 


260 


-46 




135 


42 


69 
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RESULTS OBTAINED. The average results available to date 
(table 109) indicate that acid treatment materially affects only the 
fat, by producing a higher recovery of fat, namely an average of 69 
per cent, as compared with 47 per cent, for the period on which 
figures are available on a plain sedimentation basis (table 107). The 
latter average was secured under somewhat different conditions of 
operation. The fat removal is lower than that observed in the bar- 
rel experiments. A considerably higher reduction in fats was also 
noted as a result of chemical precipitation treatment. This very 
likely was due to the formation of insoluble lime soaps with the ex- 
cess lime which afterwards settled out. From the standpoint of oxy- 
gen demand, an apparent improvement was noted ia both tank and 
barrel experiments, as follows : 



Device 



No. of 
Days 
Tested 



Biologic 

Oxygen 

Consumption. 

P. P.M. 



Per Cent 
Reduction 
B. O. C. 



Settling 

Period 

Hr. 



Grit Chamber 7 915 

Acid Tank (C) 7 294 68 3.0 

Chem. Pre. Tank (D) 6- 505 33 4.0 

Emscher Tank (E) 7 552 40 3.0 



In obtaining the oxygen demand, the acid effluent was neutral- 
ized with sodium bicarbonate and inoculated with a few drops of 
grit chamber effluent. The results apparently are better than those 
for the other tanks (table 111). Possibly this is due to the more com- 
plete removal of colloidal matter in the acid treatment. Probably 
the better results are apparent rather than real and are due to the 
sterilization of the bacteria originally present and the retardation of 
subsequent decomposition, under conditions of test. The organic, 
matter present when discharged into a stream and thoroughly inocu- 
lated, would undoubtedly produce results of a liquid more unstable. 

When acid was added, scum formed comparatively slowly, the 
surface of the tank remaining free from one to two weeks after 
cleaning. Eventually scum appeared, however. The average rate 
of accumulation in cu. yd. per mil. gal. was 5.1 for the sludge and 
2.0 for the scum. The sludge flowing from the tank was then a dirty 
yellowish gray color. The scum also was thin and foul in odor. 
Typical analyses are given on the following page . 

Compared with sludges derived from other treatments, the fat 
content is apparently very high. But as the routine analyses were 
made without acidifying the sample, the difference is less than ap- 
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ACID TREATMENT OF SEWAGE. 
Analyses of Sludge and Scum. 



Date 
1914 


Specific 
Gravity 


Per 
Cent 
Mois- 
ture 


DiiT Weight — Percentage 


Remarka 


Nitro- 
gen 


Volatile 
Matter 


Fixed 
Matter 


Ether 
Soluble 


Aug. 18 

24 

24 


1.02 
1.02 
1.01 


94.0 
95.8 
88.2 


2.74 76 24 22.3 
3.12 88 12 25.3 
3.64 81 19 26.3 


Sludge 
Sludge 
Scum 



pears, and reference to the results on page 190 indicates that the 
difference in many cases is very slight. 

COST. With an average alkalinity of 300 p. p. m., as Ca CO,, 
about 2,500 lb. of 100 per cent. H2SO4 per mil. gal. would be required 
to exactly neutralize the sewage. On a practical scale, an excess 
of the theoretical dose would be required to insure acidity at all 
times, probably 3,00(3 lbs. per mil. gal. Eogers and Aubert (treatise 
on Industrial Chemistry) give the cost of manufacture of tower aciid 
(about 78 per cent, strength) by burning pyrites as $6.50 per ton, 
equivalent to about $8.35 per ton of 100 per cent. acid. On this 
basis, treatment at the rate of 3,000 lb. per mil. gal. is equivalent to 
about $12.50 per mil. gal. for acid alone. Omission of the concentra- 
tion process, or use of the sulphur dioxide resulting from the burning 
of sulphur or pyrites directly may influence the cost. 

The complicated apparatus necessary for operation and possi- 
bility of corrosion by the acid on materials ordinarily used in con- 
struction need consideration. Equipment is also required to recover 
the fat precipitated with the sludge. In the past this recovery has 
seldom proved remunerative, except on wastes containing more fat 
than is here present and except where the cost of sludge disposal is 
a factor. 

CONCLUSIONS. The results on hand indicate that treatment 
of this sewage with acid results in a somewhat greater retention of 
fat. An apparent reduction in the oxygen demand over that result- 
ing from plain sedimentation, while remarkable, is probably not 
real, being simply due to a retardation of decomposition by the 
sterilization of the bacteria present, the organic matter being left 
in solution. If thoroughly seeded with new bacteria, decomposition 
will again continue with renewed bacterial action. However, therfe 
appears the added cost of acid treatment and the cost of recovery of 
the grease, as well as the uncertainty of the price, to be received for 
the grease recovered. 
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CHAPTER XV. 



OXYGEN REQUIREMENTS. 

GENEEAL. For ease in comparison, the oxygen requirements 
are collected here under one head. The method of investigation is 
one recently developed by Dr. Arthur Lederer, described- in detail 
in the May, 1914, issue of the Journal of Infectious Diseases. 

METHOD OF PROCEDURE. The method is based on the addi- 
tion in excess of definite quantities of saltpeter (sodium nitrate) 
and methylene blue to the samples of the sewage or effluent to be 
tested, followed by inctfbation for 10 days at 20 deg. C. The residual 
total oxygen is then determined. The saltpeter added is a standard 
solution of known strength. Extended observations have indicated 
that 2 molecules of the salt yield approximately 5 atoms of oxygen 
available for oxidation of putrescible organic matter in sewage 
liquid. The oxygen consumption is the difference betw_e.en the reside 
ual oxygen after 10 days' incubation and the amount originally 
added. The period of 10 days was selected because experience has 
mdicated that samples which hold out for that period may, for all 
practical purposes, be considered stable. The initial available oxy- 
gen ia the crude sewage and tank efSuents is frequently low enough 
to be of no practical importance, but in the sprinkling filter effluent 
it is a large proportion of the total oxygen demand, ofter exceeding 



TABLE 110. 

COMPARATIVE OXYGEN DEMAND AND SUSPENDED MATTER FOR CRUDE 
SEWAGES AT CENTER AVE. AND 39th ST. 





Pakts per Million 


Period 
1914 


Biologic Oxygen Consump- 
tion 


Suspended Matter 




Center Ave 


j 


39th St. 


Center Ave. | 


39th St. 


Jan. 14 to 31 


990 




130 
120 
100 
120 
130 
140 


467 
453 
478 
424 
444 
433 


138 


Feb. 17 to Mar. 3 

Apr. 15 to 30 


. . 1030 
.. 880 


75 
70 


May 

June 

July 


.. 930 
. . 1010 
. . 1080 


130 
195 
140 


Weighted Average 


.. 990 




130 


444 


135 
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it. The methylene blue serves as an indicator, the color disappearing 
■when an insufficient amount of the saltpeter is used. 

Up to May 1, 1914, two samples of crude sewage and of the 
effluents from each device were taken daily, the sewage samples 
being collected at 9 A. M. and noon or 1 :15 P. M. and the effluents 
with proper allowance for the nominal detention period. Subse- 
quently, samples were collected every two hours throughout the 
day (8 in all) and incubated. At the end of 10 days, the samples 
were mixed and the residual oxygen determined for the composite 
samples. In this way, much more representative results were ob- 
tained. Determinations were made on Monday, Wednesday and Fri- 
day every other week and on Tuesday and Thursday of the alternate 
weeks. 

CRUDE SEWAGE. The oxygen requirements of the crude 



TABLE 111. 

COMPARATIVE REDUCTION IN OXYGEN DEMAND AND SUSPENDED 
MATTER FOR VARIOUS SETTLING TANKS. 



Period 
1914 


No. 
Days 


BlOLodiC OXYGBN CONSUMP- 
TION — ^PaETS per MlIiLION 


Pee Cent 
Rbduotion 


Re- 
marks 


Grit 
Cham- 
ber 


Dort- 
mund 
Tank 


Em- 
scher 
Tank 


Chem. 
Precip. 


Dort- 
mund 
Tank 


Em- 
scher 
Tank 


Chem. 
Precip. 


Jan. 14 to 31 

Feb. 17 to 

Mar. 3. . . . 

Apr. 15 to 30 

May 

June 

July 


5 

5 
5 

10 
10 
10 


990 

1030 

880 

930 

1010 

1080 


850 

640* 

670 

650 

640 


880 

760 

630* 

630 

540 

560 


750* 

610* 

560 

700* 

570* 


18 

22* 

28 

35 

41 


11 

26 

24* 

33 

47 

48 


22* 
36* 
40 
33* 

48* 


*4 days 
*4days 

*7dayB 
*8days 


Weighted Av. 




990 


680 


630 


620 


32 


36 


38 





Suspended Matter 
Parts pee Million 



Pee Cent 
Reduction 



Jan. 14 to 31 


5 


467 




210 






55 






Feb. 17 to 




















Mar. 3.... 


5 


453 


178 


170 


111* 


61 


63 


74* 


*4days 


Apr. 15 to 30 


5 


478 


157* 


165* 


138* 


68* 


67* 


72* 


*4 days 


^ ay 


10 


424 


162 


153 


81 


62 


64 


81 


, . 


June 


10 


444 


122 


112 


134*. 


73 


75 


70* 


*7days 


July 


10 


433 


150 


130 


141* 


65 


70 


69* 


*8days 






Weighted Av. 




444 


150 


148 


118 


66 


67 


74 





Note. Samples of grit chamber effluent omitted on days when no tank sample was 
collected in figuring per cent reductions. 
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day sewage and the total suspended matter are given in table 110, 
with similar figures for the 39th St. sewage. 

Measured by the relative oxygen demands, the heavy day sew- 
age received at the Center Ave. testing station averages about 8 
times as strong as the domestic sewage received at 39th St. 

EEDUCTION IN OXYGEN REQUIREMENTS BY SEDIMEN- 
TATION. The improvement in the oxygen consumption by sedi- 
mentation in various devices is summarized by months in table 111. 
Conditions of operation for the various tanks have been given in 
previous chapters. Comparison with the reduction iu suspended 
matter shows that the reduction in oxygen demand is fat below the 
reduction in suspended matter. An average decrease of 32 per cent, 
was indicated for the Dortmund tank, 36 per cent, for the Emscher 
tank, and 38 per cent, for the chemical precipitation tank. The cor- 
responding reductions in suspended matter were 66, 67, and 74 per 
cent, respectively. Recent results were in general better than dur- 



TABLE 112. 

REDUCTION IN SUSPENDED MATTER AND BIOLOGIC OXYGEN CONSUMP- 
TION BY ROTARY SCREEN ON CENTER AVE. SEWAGE. 

July 8 to 30, 1914. 



Date 
1914 
July 



Suspended Matter 
Pabts per Million 



Crude 



Screen 
Effluent 



Det 

Screen. 



Lbs. per 
Mil. Gals. 



Biologic Oxygen 

Consumption 
Parts Per Mil. 



Crude 



Screen 
Effluent 



Pee Cent 
Reduction 



Susp. 
Matter 



Bio. Ox. 
Cons. 



8 


489 


434 


454 


1210 


1100 


11 


9 


10 


330 


301 


238 


900 


890 


9 


1 


14 


400 


375 


210 


1020 


1050 


6 


3* 


16 


439 


398 


342 


1180 


1060 


9 


10 


20 


389 


366 


194 


1060 


1020 


6 


4 


24 


505 


470 


289 


1120 


1010 


7 


10 


28 


523 


473 


420 


1180 


1050 


9 


11 


30 


821 


775 


382 


1090 


1040 


6 


5 


Average 


487 


449 


316 


1100 


1030 


8 


6 



* Denotes increase. 

Note. Suspended matter in crude sewage is calculated from determination 'on 
effluent by addition of weight of dry screenings. Per cent reduction is based on this 
also. 
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ing the winter, perhaps because the method of sampling was more 
representative after May 1st. Although the operating conditions 
of the different devices were changed several times, these experi- 
ments indicate that on the Center Ave. sewage efficient sedimenta- 
tion, will reduce the oxygen demand from 25 to 45 per cent., with 
a reduction in suspended matter approaching 70 .per cent. 

EBDUCTION IN OXYGEN REQUIREMENTS BY FINE 
SCREENING. To determine the effect of fine screening on the 
oxygen demand of the crude sewage at Center Ave., routine tests 
were made during July, 1914, on the effluent from the rotary screen. 
The results of these tests, with corresponding determinations of 
suspended matter (table 112) show the improvement in oxygen- re- 
quirements by fine screening to be small, averaging about 6 per cent, 
for the 8 tests made. The reduction in suspended matter averaged 
8 per eei;t. for the entire series, based on computed influent analyses. 
Use of actual suspended^matter determinations on the influent 
showed an aVef age reduction of only. 3 per cent. This lattei' figure 
is low, and probably in error because of the difficulties in sampling. 

REDUCTION IN OXYGEN REQUIREMENTS BY FILTRA-^ 
TION. Table 113 shows the results obtained by months on the 
sprinkling filter, fed by the Emseher tank. Up to April 1, 1914, the 
filter -was operated-at a net rate of yield of |, mil. gal. per. acre daily, 
and thereafter to give a net yield of one mil. gal. For comparison, 
the grit chamber and Emseher tank figures are included! 

The reduction in oxygen demand is very marked, averaging 
over 90 per cent, of the amount required by the crude sewage. Of 
this from 25 to 45 per cent, may be produced by the tank treatment. 
Although the total gross reduction in oxygen demand is large, the 
net demand or amount of oxygen which must be supplied from ex- 
ternal sources is reduced even further, because the effluent contains 
a large part or all of the oxygen required for stability in the form 
of free oxygen, nitrites, and nitrates, all readily available. During 
May, June and July, 1914, the available oxygen in the filter effluent 
was more than sufficient for stability, or in other words, the relative 
stability was over 100. Treatment of the Center Ave. sewage on 
coarse grained or sprinkling filters up to rates of yield of one mil. 
gal. per acre daily, when preceded by thorough preliminary sedi- 
mentation is apparently capable of producing an improved effluent 
usually containing sufficient available oxygen to require little dilu- 
■tion for complete stability, and for days at a time containing an 
excess, being then completely stable. 
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CHAPTER XVI. 



EXISTING SEWERS. 

CITY AND PEIVATE SEWERS. The municipal sewers re- 
ceiving waste from Packingtown and the Stockyards include those 
on Ashland and Center Ave., 39th St. conduit and two sewers on 
Halsted St. (table 114), which discharge into the east and west arms 
of the South branch (fig. 18). In addition there are a number of 
private outlets (table 115) as follows: Sulzberger Sons Co., Hipe 
Bros., Swift & Co., Friedman Mfg. Co., Anglo-American Packing 
Co., Western Packing & Provision Co., Union Stockyards and Tran- 
sit Co. (Morgan St.), and the Chicago reduction plant. Private sew- 
ers also enter from the Eagle Brewing Co., Hately Bros., Cold Stor- 
age, and from the Union Stockyards and Transit Co. filter plant. 
Robey St. sewer discharges into the west arm, but is practically 
wholly domestic in character. The 39th St. conduit receives the 
waste of the Brennan Packing Company. Several small houses on 
39th place drain into the 39th St. sewer. 

ANALYSES. Analyses have been made at intervals of various . 
samples from the sewers on Ashland Ave., Center Ave., and Morgan 
St., as well as most of the other outlets mentioned. The results 
(table 116) show a very strong sewage, as a whole, particularly in 
Ashland and Center Ave., not only high in suspended matter, but 
also in oxygen consumed, indicating a sewage about 5 to 10 times 
as strong as the average normal sewage found at 39th St. jtesting 
station (table 116), and very much stronger than the sewage from 
Robey St. 

The analyses of the sewage at 39th St. pumping station repre- 
sent nearly an average domestic sewage, south of the Chicago river, 
with the exception of the loop district, which is slightly stronger. 

The analyses of the Halsted St. sewers were of samples col- 
lected over a very short period.. The south sewer appears weaker 
than the north. At other times, however, the sewage has appeared 
unusually strong, containing blood and other evidence of packing- 
house wastes. 

The great variations in strength of the Center Ave. sewage at 
different hours of the day are shown by the results of a week's run 
in the fall of 1914 (fig. 19). Two-hour composite samples made up 
of equal portions collected, every 15 min. were analyzed for sus- 
pended matter. Although slight rains occurred on Oct. 26 and 28, 




4-7'^S/. 



Fig. 18. Stockyards and Packingtown Region. 

Sewers tributary to East and West Arms of South Pork of South Branch 

of Chicago River. 
Note. — Red tint indicates area devoted to packing and allied industries. One 

alternative of proposed intercepting sewer is shown in red. 
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TABLE 115. 

DATA ON PRIVATE SEWERS ENTERING EAST AND WEST ARMS OF SOUTH 
PORK OF SOUTH BRANCH OF CHICAGO RIVER. 



Description 


Size 
Diam. 

in 
Inches 


Bank 

of 
River 


Actual Flows 
Cu. Ft. per Sec. 


Remarks 


Average 
Daily 


Max. 
Observed 


Morgan St 


20 
12 


'So. 

No. 

So. 
No. 
So. 
So. 
So. 

So. 

So. 


1.9t 

0.88* 

1.8 

0.2t 

0.2t 

0.12 

0.76 

0.2t 

0.5t 


2.4t 

1.18 

2.61 
0.5t 
0.61 
0.17 
0.91 

0.5t 

l.OOt 


Union Stockyards & 


Western Packing TDo . . 

Anglo American. ..... 

White Eagle 


Transit Co. 
Packinghouse waste, 4 

outlets. 
Packinghouse (1911). 
Brewery. 


Chicago Reduction Co. 

Friedman Mfg. Co 

Swift & Co 


Plant recently rebuilt. 
Butterine makers. 
Miscellaneous Connec- 


Hine Bros. Co 

Sulzberger Sons Co. . . 


tions. 

Reduction and render- 
ing. 

Drainage from bacl^ of 
yards. 



* Average of 9 hour observation on two outlets, 
t Day hours. [ 

t Estimated. 

the test represents essentially dry weather conditions. For com- 
parative purposes, composite discharge figures from fig. 20 have 
been added. 

CONDITIONS NOT NEW. As far back as 1890, the analyses 
made by Prof. J. H. Long of the discharge of various sewers, in- 
cluding Ashland Ave., show a very strong sewage (tables 1 and 116). 
Altho his sampling extended over one month, the results agree very 
closely with those obtained by the Sanitary District in 1911 and 
1913 (table 116). 

GAGINGS. From time to time gagings have been made of the 
fiow of the various outlets. The outlets of the two Halsted St. sew- 
ers were so inaccessible that no gagings were made. The 39th St. 
conduit receives domestic sewage and flushing water, as well as the 
discharge of the Brennan Packing Company. No samples were 
taken other than at the Brennan plant (appendix 7). All the indus- 
trial sewers have a very marked difference between day and night 
fiow, the day flow being much larger, in distinction to the more 
uniform flow found in the purely domestic sewers (fig. 20). 

SPECIAL GAGINGS. Special gagings were made on Center 
and Ashland Aves., and Robey St. in 1911, about the time of the ex- 
tended gagings in Packingtown (chapter 2). 

A weir was built in the outfall of the Center Ave. sewer below 
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TABLE 117. 

TEST OF CENTER AVE. SEWEB. 
May 16 to 18, 1911. 



May- 



Period 





Suspended 


Flow 


Matter 


Cu. Ft. per Sec. 


P. P. M. 


23.1 


621 


17.0 


161 


25.3 


649 


16.8 


149 


28.8 


759 



16 Noon to 8 p. m 

16 8 p. m. to 17, 8 a. m. 

17 8 a. m. to 8 p. m. . . . 

17 8 p. m. to 18, 8 a. m. 

18 8 a. m. to noon 



Average for period 48 hours 21 . 1 402 

the outlet of the Armour grease skimming basin, the gagings being 
given in table 117. The maximum flow was 30 cu. ft. per sec. over 
2 hr., the minimum flow being 16 cu. ft. per sec. for 1 hr. At the 
time the testing station was placed in operation, a new weir was 
built at the sewer outlet and hourly readings were taken for about 
one year. The results are summarized by months on table 118. The 
average flow during this period between the hours of 8 A, M. and 
10 P. M. was 29.0 eu. ft. per sec. and the average between 11 P. M. 
and 7 A. M., inclusive, was 16.4 cu. ft. per sec. The maximum dis- 
charge recorded was about 105 eu. ft. per sec. on May 20, 1913. 

A weir was built in 1911 on the face of the outfall at Ashland 
Ave., the gagings being given in table 119. The maximum flow was 
31.5 cu. ft. per sec. for 1 hr., and the minimum flow 18 eu. ft. per sec. 
for 3 hr. A few measurements, made in the fall of 1913, showed an 
average dry weather discharge of about 35 cu. ft. per sec. between 
8 A. M. and 10 P. M., while the night flow dropped to from 25 to 30 
cu. ft. per sec. A discharge of 80 cu. ft. per see. was observed on 
Sept. 16,'l913. 

A weir was built in' the outfall of the Eobey St. sewer, about 15 
ft. south of the river bank, the gagings being given in ta)i)le 120. 
The maximum flow was 11.7 cu. ft. per sec. for 1 hour and the mini- 
mum flow 9.4 en. ft. per sec. during 2 hours. On Aug. 12, 1911, one 
reading of 37.2 eu. ft. per sec. was obtained, imnlediately after a 
heavy rain. Since then the weir has been carried away twice by 
storms, but each time has been rebuilt. Continuous records with a 
Bristol recording water level gage have been kept since Sept. 4, 1912. 
Table 121 shows the results for 1913, averaging 13.2 cu. ft. per sec. 
with a maximum flow of 135 cu. ft. per sec. 

PACKINGTOWN SEWERS. The sum of the discharge of the 
various individual plants examined during the period of four months 
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TABLE 119. 

TEST OF ASHLAND AVE. SEWER. 
May 18 to 20, 1911. 



May 



Period 



I Suspended 
Matter 
P. P. M. 



18 1 p. m. to 6 p. m. . . . 

18 6p. m. to 19,'8a. m. 

19 8 a. m. to 8 p. m. . . . 

19 8p. m. to20, 8 a. m. 

20 8 a. m. to 1 p. m. . . . 



29.2 


921 


19.0 


325 


28.9 


849 


18.1 


277 


26.9 


834 



Average for period 48 hours 23.2 641 

in 1911, totaled up to between 25 and 30 cu. ft. per sec. Comparison 
with the gagings given in tables 117, 118 and 119. would indicate 
(table 122) that the packing house flow is a very large proportion of 
the total flow of both Center Ave. and Ashland Ave. sewers. 

The network of sewers in Packingtown and the Stockyards has 
been indicated in fig. 3. Many of these sewers are overloaded, par- 
ticularly at time of rain. Even the Center Ave. sewer is inadequate 
at times of heavy rain, backing up nearly to the surface of the 
ground near 47th St. At time of storm the Hammond plant closes a 
sluice gate to prevent their private sewer backing up, and starts a 
centrifugal pump to throw storm water into the sewer. 

Considerable rebuilding is undoubtedly desirable to reduce the 
multiplicity of small lines, improve sewerage and drainage facilities 
and relieve flooding at storms. 

WEST THIRTY-NINTH ST. AND WESTEIfN AVE. CON- 
DUIT. This conduit is elliptical in shape, 12 by 14 ft. on diameters, 
built of concrete, with a flow depth of about 10 ft. It extends from 
the west end of the west arm north to West 39th St., theiice west-, 
erly to Western Ave., and northerly along Western Ave. to the Main 
Channel. The conduit was opened in the spring of 1911, and has 
been in service ever since. The flow depends on the difference in 
elevation of the west arm and the Main Channel. This is very vari- 
able and at times is zero or even reversed. In June, 1914, an ex- 
amination was made of this conduit by a diver. At the inlet from 
2 to 3.5 ft. of deposit was found. Deposits from 1.5 to 2 ft. deep 
occurred at the south manhole, from 3.5 to 0.5 ft. deep in the siphon 
under the I. & M. Canal, the major portion being only 0.5 ft. deep, 
and from 3 to 4 ft. north of the north manhole. At the outfall at the 
Main Channel, a deposit of 1.5 to 2 ft. was found. At the inlet end, 
considerable rubbish, particularly water-logged wood, was noted. 
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TABLE 120. 

.TEST ON ROBEY ST. SEWER. 
May 31 to June 3, 1911. 




May 31 4 p. m. to 12 Mid. . :^ 11 .,0 

31 12 Mid. to 1, 8 a. m 11.0 

June 1 8 a. m. to 4. p m 10.1 

1 4 p. m. to 12 Mid 9.8 

1 12 Mid. to 2, 8 a. m 9.8 

2 8 a. m. to 4 p! m 10.8 

2 4 p.m. to 12 Mid 10.1 

2 12 Mid. to 3, 8 a. m 10. 1 

3 8 a. m. to 2 p. m 10.1 

Average for period 70 hours 10 . 3 



109 
92 
53 
70 
38 
61 
57 
27 
63 



63 



In general, the deposits were soft, black in color, with an oUy or 
tarry odor, containing 66.8 to 92.3 per cent, moisture, and 57 to 67 
per cent, fixed matter. Both fats and nitrogen are low. The loss 
of available cross-section has been around 15 per cent, at the stage 
of water in March and April, 1914. 

Flow measurements with a current meter indicated from 67 to 
76 cu. ft. per sec, with average velocities in the flow section of 0.65 
to 0.83 ft. per sec. These are depositing velocities for the heavier 
material in suspension. The operation of the pumps at 39th St. 
had very little influence on the flow, which appears to be largely 
from Ashland Ave., Robey St. and Western Ave. Means should, 
therefore, be considered of increasing the velocity of flow through 
the conduit. The reduction in cross-section in the siphon from the 
full section of 115.8 sq. ft. (with flow line at elev. —1.0) to 85.2 sq. 
ft. causes an increase of velocity of 35 per cent, on gross areas, and 
about 15 per cent on net areas. This difliorence in velocities has, 
therefore, served to keep the siphon free from all but 6 inches of 
deposit. Evidently velocities are near the critical point for deposit 
in the siphon. Hence, velocities of 1 ft. per sec. and over appear 
, essential. 

Under present conditions it does not appear Avorth while to clean 
out the conduit, as deposits would only form again. As further 
deposits in forming will decrease the cross-section and increase the 
velocity, it is hardly probable that much more will form. Increase 
in flow and other alternatives for remedying existing conditions are 
discussed in chapter 17. 

PRECIPITATION RECORD"S. An automatic rain gage has 
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been maintained at the testing station since November 1, 1912, and 
the daily precipitation is indicated in table 123. The figures are 
from 12 noon on the previous day to 12 noon on the date recorded. 



TABLE 121. 

DISCHARGE OF ROBEY ST. SEWER. 



Date 
1913 


Cubic Feet per Seoond 


Remarks 


Average 
Daily 


Maximum 
Daily 


Maximum 
Hourly 


January 

February 


... 13.8 
... 15.2 
. .. 18.6 
... 15.8 
... 17.3 
... 11.7 
. .. 12.1 
... 11.2 
... 11.6 
... 11.4 
... 11.2 
... 10.2 


22.3 
27.2 
32.6 
32.1 
82.6 
15.2 
31.0 
17.7 
18.4 
14.6 
15.7 
11.8 


25.6 > 
62.6 
40.7 
36.6 
135.0 
53.3 
88.0 
81.5 
49.3 
26.9 
40.7 
13.8 


,15 days only. 


March 

April 


23 days only. 


May 




June 




July 




August 




September 




October 




November 

December 








Average or maximum . . . 


... 13.2 


82.6 


135.0 









TABLE 122. 

COMPARISON ON FLOWS IN PACKINGTOWN AND IN SEWERS ON 
ASHLAND AND CENTER AVES., 1911. 



Description 



Flow in Ctj. Ft. per Sec. 



Day 
a.m. to 8 p.m. 



Night 
8 p.m. to 8 a.m. 



Center Ave. Sewer 25.7 

Ashland Ave. Sewer 28 . 3 

Center Ave. plus Ashland Ave 54.0 

Paokingtown computed total 31 .7 



16.9 


18.5 


35.4 


12.2 



211 





+3 


ingoooooooo t>|Ooo>gooooo oooocnooooo • 
oooodo- o : 


In 




1 


oooooooooco gogoo^J^^oom oooooooooooo 

O O OO O O O 1-H o 


03 
CO 




13 
>-> 


gOOOOOOOOO OOOlfflOOOSOOO ooooooooooooo 
<=> o ^' do 


05 

T- 






q°°!§MOc5°°° gOOj^OOOOgO OMOO^ggOOO ; 

.d dddd d d d d i-idd • 


co 

CD 
CO 




& 

§ 


OOOC0O«g5OOO CQiOOOOOOOOO OOOOOOOOOCOO 

d dd^ dd ^ o 


c<: 




R 

<! 


CqOOOOC200;:HO OOOOOOOOrno OOOOTtlO'ifOf-i^ ■ 
^ '"! O O r-( Ot-(~0 • 

'='0 d d dd d ^ 


d 






gOOOOOgfnOO gOOOOOj-jOOO OCOfn OCO t-iO f^^ ^ o 

^ o d d d ddd dd 


05 

T-H 




1 


OOOOOOgjOOtH Oi-HOOOt^OOOO >-i-*'i-l t-iOOOO ■ • ■ 
1— JO O O OOt— 1 •■• 

OO d d oo<5 '■ : '■ 


d 




d 
4 


^OgOOOOOOO O OO O t^O OO 00 (N O ^ O ICO OOO O CM O CO 

d do d dd d d d r-i 


o 




CO 

T— 1 

OS 
1-H 


6 

Q 


^fnfnOOOgOOO OOOOOOOOOf-t OOt-n OOOOOOOO 

d d . dd 


o 
d 




> 

1 


OOOOOOOgOO OOO^OOOOOO OOOOOOOOIM 0(N05 ; 


S3 

d 




<5 


'-t OO O COOCD Oi T-H O T-H o O O O OO OO 1-H OO OO O O t^ t^ O cDi-H 
T-H (MOOO -TtH lO C> M (NOt-hO 


Oi 
(N 




J 


OOOOOOOmOO OOOOOINM Ph O m T-HOO OOOt-hOCDt-h • 

p wsin^T-Hp pT-Hp; 






1 


MOOOOOOt^OM 3JOgMOOOOOO O.OT O O O O O O O O t-h 








0000s0000-*0 OO O (M O *0 O (M O CD O O t^ O O O O O O O tH 

p t>. pt-hc^jpp p p 

\ T-H T-H 


CD 
CO 
CO 




1 


OOOOOOOOOO OOOOOf-lOOOO ig^OOJOOOOOO ■ 


d 






>» 


OOOOOOOOOfH OO-a "-lOOOOOOO (N OOOIN OOfHOOfH 


E5 




1 


OOOCOOOOO<N(N ChPhOOOOOOOO 00000050000 • 

T-H r— 1 TJH -^ CO T-H ; 


1— I 




^ 
s 


OifnOCOgOOOOO OOO ; ; ; ; ; ; ; ; ; ; ;ggOOOOO 


"i 


1 

1 

1 

Eh 




1 


OOOOOOOOOO OOOOOOCOOOO t^cOOOOOCO^ ; ; ; 


s 




1 


OOfnOOIr^tNOOO T^HOOOOOCO-^OCO OOtj- O O OO oooo 


o 

1—1 


(M 





00 0500 00 oopooooooo ooooooooogo 


»— I 
1— I 


05 ~ 


i 


050000000000 O >0 T-H O O T-H O O O O OOOOOOOOOO • 

T-H T-H CO (N (N p ^ ; 


I— 1 


1 






^Nco^ifflcot-oooo ^HNM^usco^SSg nnS^cJSnc^SSm 


H 



212 



CHAPTER XVII. 



PROJECTS. 

OBJECT. The purpose of the investigation has been two-fold, 
first, to learn how to relieve the load upon the Main Channel com- 
ing from the organic wastes of this industry, and, second, how to 
remove the local nuisance from Bubbly Creek. Various projects have 
been considered, including the filling of Bubbly Creek, but all re- 
quire the treatment of the industrial wastes and a certain amount 
of sewerage construction and revision to collect the sewage from 
industrial plants for treatment. 

SUGGESTED IMPROVEMENT. The controversy now pending 
with reference to limitation of the diversion of water to be with- 
drawn from Lake Michigan by The Sanitary District of Chicago has 
made it difficult to determine the final solution of the problem 
considered in this report. However, The Sanitary District has taken 
the position that the question of disposal of the industrial wastes is 
distinct and separate from that of disposing of human sewage, 
and that in accordance with the organic law the indiistrial wastes 
must be treated, irrespective of the outcome of the controversy. 
Ultimately the complete treatment of the industrial wastes seems 
necessary, in order to relieve the great oxygen demand of such 
wastes. On the other hand, the first step is to remove the settling 
suspended matter, by screening and sedimentation. This is essen- 
tial in any case, and is needed at once. Whatever sewerage con- 
struction is planned in connection with the removal of the settling 
suspended matter and otherwise must be flexible enough to fit every 
contingency. 

The diversion from the proposed Center Ave. sewer of the indus- 
trial wastes from Packingtown and the Stockyards seems desirable to 
give the municipal authorities the greatest flexibility in meeting 
future conditions. "Whatever be the diversion of water allowed from 
Lake Michigan, this plan lends itself readily to future development. 
It reduces the amount of domestic sewage to be mixed with the indus- 
trial wastes, relieves over-burdened sewers, and concentrates the 
waste of an industry for the most efficient handling. 

POLICY. At present, the only course open to the Sanitary Dis- 
trict is to continue the dilution of domestic' sewage, and as far as 
possible to secure the treatment of industrial wastes, in order to 
comply with the intent of the organic law. The handling of the in- 
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dustrial wastes is immediately contemplated, and the suggestions 
of the steps to be undertaken are embodied in this chapter in ac- 
cordance with the investigations outlined herein. Who shall bear 
the burden of cost is yet to be determined and adjusted. 

In the, ultimate treatment of the industrial wastes from the 
Stockyards and Packingtown, biological works seem necessary 
Space is lacking for such works in the immediate vicinity of the 
Stockyards, and would need to be sought elsewhere, undoubtedly to 
the westward. The problem involves many ramifications both legal 
and otherwise, that have not been considered in detail in this re- 
port. It would involve the construction of a long intercepting sewer 
along city streets and private right of way, the acquirement of large 
areas of land, and the construction and operation of a pumping 
station, sprinkling filters and collateral works. 

RECOVERIES. From the standpoint of recoveries, each indi- 
vidual house or firm should endeavor to retain or use all material 
of value before the sewage reaches the sewer outlet of the house or 
firm. Many already do so, but some of the smaller houses do not. 

If not already installed, this means the use of reduction tanks, the 
saving of tankage, the: evaporation of tank water, and constant care 
in avoidmg careless handling of waste, particularly paunch manure. 
Adequate grease skimming basins should be installed. Before the 
sewage passes to the municipal sewer, fine ■ screening is desirable, 
followed by sedimentation. Co-operation among the houses would 
materially help, as some have greater facilities than others for use 
of recoveries in by-products. 

TREATMENT. Prom the standpoint of treatment of the Cen- 
ter Ave. sewage and Packingtown waste, several steps or degrees 
of efficiency are open: — 

1. Pine screening. 

2. Pine screening in combination with sedimentation. 

3. Pine screening, in combination with sedimentation, followed 

by biological treatment on sprinkling filters, and second- 
ary sedimentation. 

While our screening tests indicate a greater removal at the 
individual plant or outlet than at the community outlet, the im- 
provement thereby alone does not appear sufficient. It is important 
that all the settling suspended matter be removed. Por this, sedi- 
mentation appears needful. Screening is helpful in removing light 
organic matter, relatively slow to decompose, which binds the sludge 
together and by rising tends to produce large amounts of floating 
scum. 

The problem of the Stockyards is slightly different from Pack- 
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ingtown, in that the sewage discharged contains principally hay, 
mud, manure, and urine. From the Stockyards the sewage can read- 
ily be collected as a whole and kept distinct from Paekingtown 
in the preliminary treatment. Screening and sedimentation appear 
needful at present. When the installation of biological treatment 
is made, as in the case of Paekingtown, the same general circum- 
stances would govern. 

Screening and sedimentation plants, whether individual or col- 
lective, should be designed so that the effluent can be readily diverted 
and connected with biological works. 

Biological treatment in general requires far more space than 
is available at the Yards or Paekingtown. Consequently, a plant 
would be located at some distance, perhaps outside the western 
limits of the city, to the south of the Main Channel. A long inter- 
cepting sewer would be needed, in the operation of which prelimi- 
nary screening and settling would be advantageous, in avoiding 
deposits from a sewage so heavily laden with settling suspended 
matter. 

ASSUMPTIONS. In all the projects considered, the pumpage 
from 39th St. has been assumed to enter the East Arm, as hereto- 
fore. The other municipal and private sewers from Halsted St. west 
to Robey St. are included in the various projects as therein outlined. 
A description of the various sewers is given in Chapter XVI. 

In studying the situation from the standpoint of treatment of 
industrial waste, the assumption has been made that the present 
load will not materially increase in the near future. Inspection of 
the kill in Paekingtown (fig. 1) shows practically no increase since 
1902. With the growth of other packing centers, the improvements 
in the industry, and the increasing attention given to details through 
Federal and State supervision, this does not seem unreasonable. 

FILLING BUBBLY CREEK. From the sanitary standpoint the 
fiUing-up of Bubbly Creek (i. e., the West Arm of the South Fork 
of the South Branch of the Chicago River) would be desirable, altho 
mere filling alone would simply transfer the nuisance from one 
locality to another. With suitable treatment of the industrial wastes, 
it is entirely proper that this dead arm be filled and that the ground 
area be used as a site for sedimentation tanks. 

If the City of Chicago requires facilities for water transporta- 
tion at its reduction plant, the fill can commence just west and south 
of that property, continuing past Ashland Ave. to the west end of 
the West Arm. If the city will abandon water access, the fill can 
be extended to the Forks. 

For years the West Arm has served as a crude settling basin 
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retaining settling material. To fill it up without provision for set- 
tling suspended matter, would transfer the sludge to other locali- 
ties, and cure one nuisance to create another elsewhere. Hence any 
scheme involving the filling of the West Arm should include certain 
requirements to protect the Main Channel and appurtenances of 
The Sanitary District of Chicago. 

The points to be kept in mind are as follows : 

1. The flow in the West 39th St. conduit should be increased. 

This may be done by the introduction of the Robey St. 
sewer and sewage from the east thereof, including Stock- 
yards and Packingtown. 

2. The sewage from the Stockyards and Packingtown should be 

treated as herein outlined. 

3. A portion of the bed of the West Arm should be reserved 

for a sedimentation plant for the Stockyards and Pack- 
ingtown project. 

4. Incidentally (in connection with 2), the sewers of Packing- 

town and the Stockyards should be remodelled to keep 
industrial sewage out of the proposed Center Ave. sewer. 
The areas to be recovered between the points stated are as fol- 
lows: 

A. End of West Arm to Ashland Ave. 11.5 acres. 

B. End of West Arm to W. 39th St. 16.5 acres. 

C. End of West Arm to Forks 24.3 acres. 
The amount of fill required up to elevation +8.0, C. C. D., for 

the entire West Arm, west of the Porks is 900,000 cubic yards. 

Tlje amount of fill required up to elevation +8.0, C. C. D., for 
the West Arm west of the City reduction plant is 600,000 cubic 
yards. 

If 6 acres be left open for the sedimentation plant, the fill re- 
quired up to elevation +8.0, C. C. D., west of the reduction works 
is reduced to 400,000 cubic yards. 

The material for filling will be available in part from the con- 
struction of the new Center Ave. sewer, from the excavation for 
the intercepting sewer proposed herein and from the excavation for 
the sedimentation tanks. The balance can be furnished by dumping 
ashes and excavation from other sources. 

Should the owners of the abutting property desire, bridges at 
grade can be built across the West Arm at sufficient intervals to 
provide means for shifting freight, etc. 

AREAS TO BE RESERVED. For treatment by sedimentation 
of all the sewage collected from Halsted St. to Robey St., inclusive, 
about 8 acres would be required for tanks and 7.5 acres for sludge 
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beds, on a basis of population estimated for 1922, making a total of 
15.5 acres out of 16.5 acres available, if the Creek is filled to W. 39tli 
St. For extensions, eventually the entire area reclaimed would 
appear inadequate. 

For treatment by sedimentation of the Stockyards and Pack- 
ingtown vi^astes alone, with a small ^ amount of domestic sewage, 
about 6 acres are required at present for tanks and sludge drying 
beds. Greater area might be required later, possibly not over 3 
acres additional. 

PROPOSED SEWER TO REPLACE EXISTING CENTER 
AVE. SEWER. Mr. C. D. Hill, the Engineer of the Board of Local 
Improvements, has under consideration a sewer on the general line 
of Center Ave. which will materially change sewerage conditions in 
Packingtown. This will discharge about 100 feet west of the Center 
Ave. bridge, with an outlet 11 feet in diameter, and an invert at 
elev. — 4.0 C. C. D. The grade will be 0.03 per cent. His plan in- 
cludes intercepting the existing Center Ave. sewer south of 47th 
St., as well as the present sewers on Ashland Ave., Halsted St. and 
Wallace St., south of 52nd St.; and the- branch of the Robey St. sewer 
on Ashland Ave. south of 68th St. About 1 square mile south of 
87th St. is also to be made tributary. The total drainage area will 
be about 4,500 acres, on which reside at present a population esti- 
mated at about 150,000. The construction of this sewer will reduce 
the flow in the present Center Ave. sewer to that coming from the 
Stockyards proper and a few packing houses. The flow in the other 
sewers affected will also be reduced. Unless the sewers in Packing- 
town are remodelled, about one-half of the wastes would enter the 
new sewer, as it would cut all the sewers now entering the existing 
Center Ave. sewer from 47th St. north. Our estimates are based 
on the conditions which will exist when the proposed sewer is com' 
pleted, and the portions of flow diverted to it which now enter the 
Ashland Ave., Halsted St., Wallace St. and Robey St. sewers, as 
above stated. 

SEWERS REQUIRED. The sewerage requirements hinge large- 
ly on the policy of treatment adopted. Out of four alternatives 
described herein there are at least two clear cut projects which 
appear entirely feasible. 

I. Project I assumes that all the wastes are treated by screen- 
ing and sedimentation at the points of origin. A sewer is required 
across the present creek from Robey St. to the entrance of the pres- 
ent W. 39th St. conduit, and an interceptor from the new Center 
Ave. sewer west to the W. 39th St. conduit. The West Arm can 
then be filled up. As the treatment of the industrial waste at the 
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point of origin to the degree required may be difficult on account 
of lack of space, this project does not appear wholly desirable. 

II. Project II assumes that all the wastes are treated by screen- 
ing at the point of origin and collected by an intercepting sewer 
to a community plant in Bubbly Creek for settling. A sewer is 
required from Robey St. to the entrance of the present W. 39th 
St. conduit, with an interceptor running along the south side of the 
Bast and West arms from Halsted St. to the sedimentation plant, 
the effluent of which would discharge into the West 39th St. conduit. 
Project II is based on keeping the industrial wastes out of the 
proposed Center Ave. sewer and diverting them into the Ashland 
Ave. by building certain trunk lines east and west in Packingtown. 
This project appears decidedly feasible. 

III. Project III. assumes the undertaking of treating both in- 
dustrial and domestic sewages at the present time. It then becomes 
possible to collect all the sewage from Halsted St. west to Robey 
St. into a common plant for settling, assuming the screening done 
at the point' of origin. This, however, would require a very large 
area. The space available in Bubbly Creek west of W. 39th St. 
would not be adequate after 1920 or thereabouts. Moreover, this 
does not shape readily to future extension, particularly if the diver- 
sion allowed by the government is low. 

IV. Project IV assumes that all industrial wastes are treated 
at the point of origin by individual screening and settling plants. A 
sewer would be built across Bubbly Creek from Robey St. to the en- 
trance of the West 39th St. conduit, and the Ashland Ave. sewer 
would be diverted to the east. The West Arm could then be filled 
up. This, however, does not appear feasible, not only for the reason 
given under I, but also because the W. 89th St.- conduit would 
sludge up and be productive of nuisance, the combined low flow of 
Robey St. and Western Ave. sewers being entirely inadequate to 
maintain scouring velocities. 

Prom the standpoint of ease of extension, protection of W. 39th 
St. conduit, and future provision for further treatment to the west- 
ward, project II appears decidedly desirable and worthy of close 
study. Project III is less meritorious, including necessarily treat- 
ment of more domestic sewage and being less flexible both at pres- 
ent and in the future. 

PACKINGTOWN SEWERS. In general, the impression is cur- 
rent among representatives of the packing houses that the existing 
patch-work sewer system in Packingtown is largely inadequate for 
present needs and unable to cope with heavy rains without flooding. 
As there are comparatively few cellars, this is not so troublesome as 
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might otherwise be. The houses draining into the Center Ave. sewer, 
particularly the Hammond plant, are seriously bothered, as the 
Center Ave. sewer is too small to handle heavy rainfalls. "WhUe 
oijr estimates for remodelling Packingtown sewers include an 
amount, stated in each ease, for new sewers, these are merely trunk 
sewers. The estimates do not include any cost for rebuilding indi- 
vidual systems or for new connections to the proposed sewers. For 
an adequate estimate on the cost of that work a very detailed rmder- 
ground survey would be required, and considerable planning and 
study to figure out ways and means to tap and remodel a network 
of sewer pipes, many unknown, preserve sewerage facilities and re- 
build on streets, constantly in use and frequently too narrow for 
ordinary trafSc. 

ESTIMATES. The estimates given herein are preliminary esti- 
mates, with due regard to local conditions, but are not based on any 
extended surveys or actual designs. They are approximate, pre- 
pared primarily to indicate the expenditures required to meet dif- 
ferent alternatives of sewerage and treatment. In no case is any 
allowance made for legal, engineering, land or right of way ex- 
pense. 

Provision is made in the estimates for treatment only for a flow 
based on present conditions, assuming however that the Center Ave. 
sewer is built and the adjacent sewers relieved. No allowance is 
made for capacity to care for any growth in the immediate future, 
for reasons already stated. 

SEWERAGE PROJECTS. Four sewerage projects are sug- 
gested, in addition to the remodelling of the sewers in the Yards 
and Packingtown. 

In these, unless otherwise stated, the proposed Center Ave. 
sewer is assumed to be built with the changes previously noted, 
which will reduce the dry weather flow in most of the contributory 
sewers. 

A. The Robey St. sewer can be connected to the entrance of 
the West 39th St. conduit by a 9 ft. circular sewer, about 800 ft. 
long, of which at least 150 feet would be carried on piles. This 
would cost about $35,000. The Ashland Ave. sewer can be extended 
easterly about 2,600 feet to the East Arm at or near the Forks. 
This would be a 6 ft. circular sewer, costing about $40,000. 

The fault of this project is that sufficient dry flow would not 
be assured to maintain scouring velocities in the West 39th St. con- 
duit. 

B. A gravity interceptor can be constructed from Halsted St. 
west to the inlet of the West 39th St. conduit. All the sewers dis- 
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.charging into Bubbly Creek would be tapped, with the exception 
of the proposed Center Ave. sewer. The dry flow and a portion 
of the storm flow could be handled. This requires about 2,190 lin. 
ft. of 5i ft. circular sewer, 3,560 lin. ft. of 6 ft. circular sewer, 2,580 
lin. ft. of 7^ ft. circular sewer, 800 lin. ft. of 8 ft. circular sewer, 
with a crossing of the West Arm, a siphon under the proposed Center 
Ave. sewer and other appurtenances, at a total cost around $150,- 
000. 

C. A gravity interceptor can be constructed from Halsted St. 
west to the inlet of the West 39th St. conduit, at an elevation low 
enough to tap the proposed Center Ave. sewer. An overflow weir 
can be provided at Center Ave. to care for excess storm flow. The 
sewer would follow around the south bank of Bubbly Creek, requir- 
ing about 2,190 lin. ft. of 5^ ft. circular sewer, 510 lin. ft. of 6 ft. 
circular sewer, 3,050 lin. ft. of lOJ ft. circular sewer, 2,580 lin. ft. 
of 11 ft. circular sewer, and 800 lin. ft. of 12 ft. circular sewer, with 
a crossing of Bubbly Creek, and other appurtenances, at a cost of 
$230,000. 

D. This project is similar to C, except that the interceptor 
would cross Bubbly Creek on the line of West 39th St. and follow 
West 39th St. to the conduit near Eobey St. This necessitates the 
extension of the Ashland Ave. and Eobey St. sewers across Bubbly 
Creek. At times of storm, the interceptor would probably flow 
under head. An overflow weir can be provided at Center Ave. to 
care for excess storm flow. This project includes about 2,190 lin. ft. 
of 5i ft. circular sewer, 510 lin. ft. of 6 ft. circular sewer, 2,540 lin. 
ft. of lOi ft. circular sewer, 2,600 lin. ft of 11 ft. circular sewer, 640 
lin. ft. of 12 ft. circular sewer, in addition to 3 crossings of Bubbly 
Creek, the extension of Ashland Ave. and Robey St. sewers and mis- 
cellaneous work, at a cost of $250,000. 

To prevent deposits in the intercepting sewer, under projects 
C and D, occasional flushings by a small screw pump would be of 
service. With' a capacity of say 200 cu. ft. per sec, electrically 
driven, this would cost about $30,000. installed. 

Of these projects, B appears most practicable, particularly 
because all the Stockyards and Packingtown wastes would be di- 
verted from the proposed Center Ave. sewer. 

COST OF SEWERAGE PROJECTS. The cost of the various 
sewerage projects described may be summarized in a preliminary 
way as follows, exclusive of engineering, right of , way, or land 

charges. 

A. For the connection of Robey St. to the West 39th St. con- 
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duit and for carrying Ashland Ave. east to the East Arm of the 
South Pork, approximately $75,000. 

B. For the complete interception of all sewers from Halsted 
St. to Ashland Ave. and Robey St., with the exception of the pro- 
posed Center Ave. sewer and the portions of existing sewered areas 
diverted to it, and including the diversion of all packing-house , 
wastes to Ashland Ave., approximately $275,000. 

C. For the complete interception of all sewers from Halsted St. 
to Robey St. into West 39th St. conduit, following a route along the 
south bank of the East and West Arms of the South Fork, approxi- 
mately $230,000. 

If the packing-house wastes be diverted to Ashland Ave. for 
separate treatment, this cost will be increased to $355,000. If the 
pumping station be added, these figures would be increased by 
$30,000. 

D. For the complete interception of all sewers from Halsted 
St. to Robey St. into the West 39th St. conduit, following a route 
along West 39th St., wdth branch lines to existing sewers, approxi- 
mately $250,000. 

If the packing-house wastes be diverted to Ashland Ave. for 
separate treatment, this cost will be increased to $375,000. 

If the pumping station be added, these figures would be in- 
creased by $30,000. 

COST OF TREATMENT. 

SCREENING. Individual screening apparatus for individual 
firms in the Stockyards and Paekingtown region will require a 
total expenditure of approximately $150,000. This estimate does 
not include buildings or any duplicate or reserve installation. It 
covers only screens, motors, and foundations with a small allowance 
for sewer connections. In many cases existing buildings would serve, 
in others new buildings would be required. Collective screening at 
the main sewer outlets will be less costly, but not quite so effective 
on account of the breaking down of material in transit. Individual 
screening will, however, keep all material recovered on the premises 
where produced. 

SCREENING PLUS SEDIMENTATION.' Individual screening 
plus collective settling appear feasible, as well as collective screen- 
ing and settling. Probably slightly better results can be obtained' 
with the former, altho the total cost will be somewhat higher. As- 
suming the new Center Ave. sewer built, and the adjacent sewers 
relieved, as previously noted, for the treatment works to handle the 
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sewage from Halsted St., Morgan St., the old Center Ave., Ashland 
Ave., and private sewers, the cost of a sedimentation plant with col- 
lective screening would be around $600,000, exclusive of legal, engi- 
neering, land, and right of way, expenses. Omission of the collective 
screening will reduce this to $560,000. In addition to the costs pure- 
ly for treatment, remodelling the sewers in Packingtown to divert 
tO' Ashland Ave. will cost roughly around $125,000. 

To collect the sewage from Halsted St. and along the river bank 
to Ashland Ave., thence to the plant, with discharge to the West 
39th St. conduit, and the diversion of Eobey St. into the same con- 
duit will cost about $150,000. No account is taken of the proposed 
Center Ave. sewer. 

BEST PEOJECT. If any one project can be called best of the " 
alternatives suggested, it is the one shown in red on fig. 18. This 
comprises an intercepting sewer largely for industrial wastes from 
Halsted St. to the "West Arm, the diversion of all Packingtown from 
Center Ave. to Ashland Ave., fine screening at the individual houses 
or firms, sedimentation at the community outlet with a plant built 
, in Bubbly Creek, the construction of an outfall sewer into the West 
39th St. conduit and the diversion of the Robey St. sewer into the 
same conduit. This is estimated to cost! approximately $985,000. 
Several slight modifications are possible. It is assumed that the 
proposed Center Ave. sewer will discharge directly into the Creek. 

This project handles the wastes as separately as possible with 
the presence of some domestic sewage, and is flexible with regard 
to the future. 

BIOLOGICAL TREATMENT. In order to make the discussion 
more complete, a brief study has been made of the possibility of 
treating biologically the industrial wastes from the Stockyards and 
Packingtown at a point outside of and west of the city limits. This 
would require the construction of an intercepting sewer westward 
along the general line of 39th St. or thereabouts to a point in the 
general region between the city limits and the village of Summit, on 
a tract of land lying north of Archer Ave. An interceptor for twice 
the dry weather flow would be approximately 7.5 ft. in diameter, and 
necessarily would be so far below the ground at the outfall that pump- 
ing would be required in order to lift the sewage onto the filter beds 
and secure- sufiicient head to discharge into the drainage canal. It 
is assumed that the screening and sedimentation will be carried out 
in the Stockyards and Packingtown in accordance with the recom- 
mendations previously made herein, and that the sewage thus pre- 
pared would be delivered to the works. Roughly speaking, the 
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approximate cost of the intercepting sewer, pumping statiofl, sprin- 
kling filters, and collateral works including an outfall from the 
works to the drainage canal would be $3,600,000, entirely exclusive 
of right-of-way, land, engineering, and legal expenses. These figures 
are not as carefully prepared as those in the preceding pages, and 
are given merely to indicate what the ultimate solution will cost. 
They are also subject to revision, in accordance with the results of 
a long time test still running on the sprinkling filter, which is 
planned to continue through another summer season. 
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APPENDIX I. 



LIST OF FIRMS IN THE STOCK YARDS AND PACKINGTOWN. 

OUTLETS INSPECTED AND TESTED. 

1911. 

Adler & Oberndorf . ' 

Anglo-American Packing & Provision Co. 

Catch Basin (A). 
Armour & Company. 

43rd St. (A) 

43rd Place (B) 

44th St. (C) 
■H. Bobsin, — Sausage Casings. 
H. Boore & Company. 
Boyd-Lunham & Company. 
Brennen Packing Company. 
Chicago Packing Company. 

Darling & Company, — ^Fertilizers, — Ghie Factory. 
Friedman Mfg. Company,— Butterine. 
L. Glick, — Sausage Casings. 
Henry Guth. 
G. H. Hammond Company. 

Catch Basin (A) 

South Sewer (B) 
Hine Bros. Company, — Kendering "Works. 
Independent Packing Company. 
Libby, McNeil & Libby. 

Mickelberry Farm Products Company, — Sausages. 
Miller & Hart. 
Morris & Company. 

Hog Plant. 

42nd St. 

44th St. 

Ammonia Plant. 
Northwestern Glue Company ,~Glue and Fertilizer. 
Peoples Packing Company. 
Pfaelzer & Sons. 
Roberts & Oake. 

Siegel-Hechinger Provision Company. 
Standard Slaughtering Company. 
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Sulzberger & Sons Company. 

Grease Sewer through Catch Basin 

Ked Sewer. 
Swift & Company. 

40th to Ashland (A) 

42nd to Ashland (B) 

Packers Ave. (C) 

41st to Center (D) 

42nd to Center (B) 

Wool House (P) 
Union Stockyards & Transit Co. 
Western Packing Company. 

Catch Basin (A) 

Wash Water (B) 

Note: — The letters following the designation denote thg individual out- 
lets examined. 
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APPENDIX II. 



Report of Test at Plant of 

ADLBR & OBERNDOEF. 

June 22 and 23, 191i: 

PLANT. Adler & Oberndorf manufacture inedible tall-ow and 
fertilizer, and deal in hides. They gather scraps, bones, etc., from 
various meat markets, restaurants and small slaughtering houses, 
and take all the waste, scraps and offal from the slaughtering firm of 
Peacock and Sheehan, and the casing cleanings and rejected casings 
from the Western Casing Co. Everything is rendered for inedible 
grease, and the remaining solids utilized in manufacturing fertilizer. 
The concern has no evaporator, but claim that their tankage is 
cooked to a dryness before pressing that leaves practically no tank 
water, and that the little which reaches the settling basins remains 
so long that all the grease is skimmed off. The solids from the 
catch basins are used with the solid tankage for fertilizer filler. 

DRAINAGE. There are only two wooden catch basins of any 
size, the rest being clean-out manholes. The total length of flow in 
the two is estimated at 75 ft., each basin being 4 ft. wide and 18 in. 
flow depth, baffled with scum boards and an outlet baffle. The 
flow is usually small. 

PEACOCK & SHEEHAN. Peacock & Sheehan are slaughterers, 
renting space from Adler & Oberndorff. Their usual kill is 100 to 
150 sheep and 30 to 40 calves per day, killing only a few hours each 
day. During the test the kill was : June 22, 151 sheep, no calves ^ 
June 23, no sheep up to 4 p. m., 30 calves. 

The sewage is principally blood and wash and floor water, pass- 
ing direct to the sewer. There is no paunch manure, as the paunches 
are bought whole by Adler & Oberndorf and rendered for fertilizer. 

WESTERN CASING CO. The Western Casing Company rents ' 
space of Adler & Oberndorf. They buy green casings from the 
smaller houses, cleaning and packing them. Their usual run is 
3,500 casings a day. The sewage is mostly wash water. There is no 
catch basin. 

SEWER AND WEIR. The sewage from these three firnis enters 
the Center avenue sewer through a 12x12 in. box sewer. A 12-in. 
weir without end contractions was built in this sewer in a manhole 
just below Adler & Oberndorf. Readings and samples were taken 
June 22 and 23 (table 124). 
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APPENDIX III. 



Report of Test on Plant of 

ANGLO-AMERICAN PROVISION GO. 

April 25 to 28, 1911. 

PLANT. The Anglo-American Provision Co. is a typical packing 
house, of moderate size, slaughtering hogs and a few cattle, pre- 
paring dressed, smoked and canned meat, and producing a few 
by-products such as oleomargarine, tripe, soap fats, grease and fer- 
tilizer. 

PAUNCH MANURE. Since the major killing is hog, both 
digested manure and hog paunch manure are saved. From the 
cattle killing, the paunch manure is collected, shovelled into a car 
and shipped out by rail. 

BLOOD, RENDERING, ETC. The blood is collected, and dried 
for fertilizer. All the scraps are rendered, the solid portion being 
pressed and dried, mixed with stick and sold as tankage. The liquid 
from the rendering tanks is evaporated and dried. 

SEWERAGE SYSTEM. The sewerage of the Anglo-American 
plant has two main subdivisions, discharging directly into the Chi- 
cago River, about 200 feet west of Center Ave. bridge. 

I. The cattle killing and power house outlet. 

This receives the outflow from the subsidiary catch basin at 
the outlet of the cattle killing floor, the drain from the oleo plant, 
and the office toilets, as well as the condensing water from the 
power plant and fertilizer condensers. As arranged and operated, 
this is normally by-passed around the large catch basin, emptying 
into a crude screening box on the edge of Bubbly Creek. 

II. The hog killing, and allied branches. 

This line receives the drainage from the plant of David Levi, 
a small slaughtering house, killing cattle for local trade, discharging 
all floor wash, drainage, etc. From the Anglo-American plant proper 
is received the waste water from the hog killing floor, the trimming 
floor, the scald water and th6 fertilizer department, as well as drain- 
age from the dressing room, the packing floor, smoke house, grease 
and lard refineries, the toilets in a portion of the plant, and the 
down-spouts from the roof. 

This sewerage system after passing through a concrete catch 
basin, joins the first division. 

PLANT CAPACITY. The plant capacity is rated at 100 cattle 
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daily, and 1,200 to 2,000 hogs. During the test the following kill 
was made : 

1911 Cattle. Hogs. 

April 25, 100 2,000' 

26, 80 1,400 

27, 100 1,300 

MAIN CATCH BASIN. The main catch basin is built of con- 
crete, 106 ft. long by 15 ft. wide, with a normal flow depth of 2| to 
3 ft. It has served to retain the grease for skimming purposes, with 
small settling effect on the sewage. The outlet end was equipped 
with three wire screens of J, in. mesh, previous to the test. Subse- 
quently, on April 29, 1911, three boiler plate screens, 8 ft. wide, 
were installed, punched full of holes respectively i, -J, and 1/16 in. 
diameter. The influent end, baffled to form a grease trap of the 
first 35 feet, was remodeled on April 25, 1911. Otherwise the tank is 
baffled alternately top and bottom, the baffles being spaced 8 ft. 
apart. ' 

CLEANING CATCH BASIN.— SLUDGE. The catch basin was 
partly cleaned, two days before the test, by by-passing the sewage 
to the river, and dra,ining down the water in the tank. Some 18 
inches of sludge was exposed, black, very heavy and compact, with 
no very distinct odor. This was shoveled out onto the ground, 
dried for a day, then carted away to the fertilizer plant. 

BEEP HOUSE CATCH BASIN. The catch basin at the beef 
slaughter house is made of timber, 16 ft. square, with a flow depth 
of some 3 ft., with a short overflow baffle at the outlet. Grease is 
skimmed by one man. Screens are provided on the upstream side 
of the effluent baffle, built of ^ in. boiler plate on edge, about 3 ft. 
away from the side of the tank. These screens are open at the 
bottom, and pass grease. and floating solids. 

RIVBE SKIMMING BASIN. Both outlets discharge on the 
bank of the river into a crude skimming basin, 66 ft. long, 5 ft. 6 in. 
wide, with a flow depth of approximately 16 in. On the side adjacent 
to the river is a i in. mesh screen, 16 ft. long, open at the bottom or 
sides which retains floating matter. 

"WEIRS. The first weir was built at the outlet of the hog catch 
basin, below the screen, on April 24, 1911, with a crest 24 in. wide 
and end contractions. After starting the run, the second sewer 
system was found by-passed direct to the river basin. A second 
weir was built on the combined sewers, at the inlet end of the river 
basin. 

FLOW. The computed flow for both weirs is given in table 125. 
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The maximum average total flow for 24 hours, 1.8 cu. ft. per sec, 
occurred on the 27th. No zero flow was recorded. The combined 
or total flow was 0.1 to 0.5 cu. ft. per sec. greater than the flow 
through the catch basin. 

FIELD WORK. The duration of the test was 77 hours, samples 
being collected, and the head on the weirs read and averaged accord- 
ing to the following schedule : 

ONE HOUR. Between 8 a. m. and 2 p. m. a portion of about 
^00 c. c. was collected every 10 minutes and averaged in a gallon 
bottle for the hour, the weir being read also. 

TWO HOURS. Between 2 p. m. and 8 p. m.' a portion of about 
200 c. c. was collected every 10 minutes and, averaged in a gallon 
bottle for the two hours, the weir being read also. 

FOUR HOURS. Between 8 p. m. and 8 a. m. a portion of about 
200 c. 0. was collected every 15 min. and averaged in a gallon bottle 
for the 4 hour period, the weir being read also 

RESULTS. The suspended matter (Table 125) is lower than 
in the preliminary test of one hour, possibly due to lighter killing, 
the partial cleaning of the settling basin and the greater pumpage 
of condenser water. However the suspended matter in the outlet 
of the catch basin (-Weir A) ran up to 472 parts per million, over 
three times that of the normal city sewage. The combined flow, 
measured by weir B, including the condenser water of the power 
plant and evaporators, is more dilute, the highest suspended matter 
being 240 parts per million. Chunks and. shreds of offal, and other 
Waste, however, show in the combined outlet, which the usual method 
of sampling does not include. 



TABLE 125. 

chemical' analyses of outflow from ANGLO-AMERICAN 
PROVISION CO. 
April 25 to 28, 1911. 





Flow in 
c. f. p. s. 


Parts pee Million. 




Suspended Matter. 


Oxygen Consumed. 


Description. 


Total. 


Volatile. 


Fixed. 


Total. 


Volatile. 


Fixed. 



Maximum. . . . 
Minimum . I . . 
Average 


2.00 
0.82 
1.43 


484 
104 
262 


SEWER A. 
432 

2i2 

SEWER B. 


52 
'50 


, 500 
102 
183 


366 

51 

132 


134 
51 
51 


Maximum .... 
Minimum. . . . 
Average 


. '2.61 

1.05 

. 1.70 


280 

98 

154 


i23 


'31 


125 
48 
85 


85 
33 
62 


40 

5 

23 
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COLOR TEST. To determine the period of flow through the 
catch basin a color test was made on April 28, at 4:30 p. m. The 
color appeared at the outlet end in 17 minutes and was very notice- 
able in the river basin after 19 minutes. 

PERIOD IN TANK. The calculated period in the catch basin 
may be obtained from the flow over the catch basin weir. 

TABLE 126. 

NOMINAL ELEMENTS OF CATCH BASIN. 



Flow, 


Period 


in Catch Basin, 


Av. Velocity, 


Max 


Velocity, 


c. f . p. s. 




Min. 


Ft 


per Min. 


Ft 


per Min. 


0.25 




318 




0.33 




1.0 


0.50 




159 




0.66 




2.0 


0.75 




106 




1.0 




3.0 


1.00 




79J^ 




1.3 




4.0 


1.25 




63 




1.6 




5.0 


1.50 




53 




2.0 




6.0 


2.00 




40 




2.6 




8.0 



The maximum velocity is calculated using the space below a 
scum board as the flow area, the lower edge of the baffle being 12 
in. above the floor. 

COMPARISON OF INFLUENT AND EFFLUENT. In order to 
determine the efficiency of the catch basin, average samples were 
collected at the influent end, corresponding to those collected at the 
efEluent end for the same time. This shows very variable results 
(table 127). 

TABLE 127. 

COMPARISON OF INFLUENT AND EFFLUENT. 



Date 




Flow, 


Period 


Total 

Suspended Matter 


Percent. 
Reduc- 
tion. 


April 


Time. 


c.f.p.s. 


in C. B., 
Min. 


P. P. M. 








Influent. 


Effluent. 




25 


11 a.m. to 12 M. 


0.84 


95 


704 ' 360 


49 


25 


8 p.m. to 12 Mdt. 


1,61 


50 


160 178 


Increase 


26 


11 a.m. to 12 M. 


1.95 


41 


518 424 


18 


26 


8 p.m. to 12 Mdt. 


0.80 


99 


184 166 


10 


27 


10 a.m. to 11 a.m. 


1.78 


45 


460 272 


41 


27 


11 a.m. to 12 M. 


1.93 


41 • 


310 296 


5 


27 


8 p.m. to 12 Mdt. 


0.82 


97 


228 204 


11 



' SLUDGE. A sample of sludge was coUectedApril 24, while the 
basin was being cleaned. This was black and decomposed, seemingly 
composed of sand, cinders and paunch manure, with a strong putrid 
odor. The specific gravity was 1.23. 
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SLUDGE ANALYSIS. 
Determination — • Per Cent. 

On Sample, moisture 58 

On dry basis, volatile matter 25 

■' fixed matter 75 

nitrogen 1.04 

fat 1.33 

SETTLING EXPERIMENTS. Experiments on the settling of 
the effluent in a 300 e. e. cylinder show that from 27 to 46 per cent, 
of suspended matter in the effluent of the present catch basin will 
settle out in 1 hour under quiescent conditions, and that 42 per cent, 
of the suspended matter in the final effluent will settle out in 1 hour 
under quiescent conditions. 
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APPENDIX IV. 

Report of Tests Made at Plant of 

ARMOUR AND CO. 

May 23 to 26, 1911. 

LOCATION. The Armour plant is located at 43d street and 

Center avenue, extending south as far as 45th street, and west to 

Loomis street. The soap and glue departments are at 31st and 

Benson streets. 

PLANT. Armour and Company have a packing house of the 
largest type. Hogs, catfle, calves and sheep are killed. Dressed, 
smoked and canned meats are prepared, as well as oleomargarine, 
tripe, sausage, lard, soap, glue, inedible grease and fertilizer. A 
hair factory and wool puUery are also maintained. 

CAPACITY. The nominal daily capacity was not given, but the 
average normal kill, based on the kill for 1910, is as follows : 

Cat\;le 1,100 

Calves 365 

Sheep 4,000 

Hogs 3,500 

The actual capacity may possibly be estiniated 25 per cent, 
greater. 

SLAUGHTERING. The actual kill, during the test, was not 
given out; but the number was said to be about an average. 

OPERATION. The various operations are practically identical 
with those .of the other larger houses. The blood is collected, coagu- 
lated and filtered, and used for fertilizer. All scraps, offal, etc., are 
rendered for inedible grease, along with the grease skimmed from 
the skimming vats. The tankage is pressed and dried for fertilizer, 
and all tank liquors are evaporated. 

MANURE. All pen and paunch manure is loaded into cars and 
shipped to the country for fertilizer. Settling tanks are provided 
for the overflow from the paunch manure presses, but part escapes 
into the sewers. 

. This was especially evident in the 43d place sewage. In the 

catch basin there, the sewage is largely composed of paunch manure. 

SEWERS. The sewers of the Armour plant are divided into 

three systems, all emptying into the Center avenue sewer. These 

are on 43d street, 43d place and 44th street, and are interconnected 
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at several points to divert a part of the flovr from any one system 
to another. The arrangement at the time of the test was normal. 

43d STREET. 

DESCRIPTION. This is a new circular, brick sewer, 36 ia. 
diameter at the outfall. It joins the Center avenue sewer just north 
of the general office building. Draining into it are the cattle, hog 
and sheep killing floors, engine and boiler rooms, refrigerator plant, 
drains from cold storage and warehouses, sausage cooking rooms, 
pickled meat, tripe and casing cleaning departments, besides numer- 
ous toilets and down spouts along 43 street. 

CATCH BASINS. Seven catch basins and grease tanks are 
located along this line. Through none does the entire flow pass. 
The largest is on Center avenue, just north of 43d street. This re- 
ceives the flow from several cooking rooms, and the tripe and pigs 
feet' rooms. It is built of concrete 40 ft. long by 8 ft. wide, with a 
normal flow depth of 3^ ft. There are underflow baffles 8 ft. apart, 
extending down to a point 6 in. above the floor. 

No samples were taken from this basin. The flow seemed fresh. 
There was very little deposit on the bottom. 

WEIE AND SAMPLES. A weir was built in a manhole at 43d 
street, and Center avenue, receiving all the flow except that from 
the general office building, toilets, kitchen wastes, and water from 
the heating plant. The weir was 2.5 ft. long, with end contractions, 
the crest being 16 in. above the invert 'of the manhole. Readings 
were taken with a hook-gage suspended in the manhole, 2 ft. back 
from the crest. To build the weir a ladder was lowered into the 
manhole. "Whenever this ladder was raised, the lower rungs were 
covered with casings. These had to be cle9,ned off before the ladder 
could be lifted out. Chunks of meat and skin were noticed, which 
were not considered in th'e analyses. 

Readings and sampling started at 2 p. m., May 23d, and con- 
tinued for 72 hours, composite samples being taken over periods 
of two hours during the day, from 8 a. m. to 4 p. m., a portion being 
taken every 20 minutes. From 4 p. m. to 8 a. m. the composites 
covered a period of four hours, small portions being taken every 20 
minutes. • 

ANALYSIS. The results of analyses of the samples are shown 
in table 128. 

SETTLING EXPERIMENTS. Experiments on settling the 
effluent in a 500 c. o.- cylinder show that about 46 per cent, of the 
total suspended matter will settle out in one hour under quiescent 
conditions. 
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43d PLACE SEWER. 

DESCEIPTION. This is an 18 in. main, discharging into a 
catch basin, which empties through "a 24 in. tile sewer into the Center 
avenue sewer. It drains chiefly the pork dressing and canning 
rooms, lard refinery, oleo and butterine house, smoke house and 
main sausage house. A portion of the power-house water, and the 
down spouts along 43d place also enter. 

CATCH BASIN. All the flow passes through a timber catch 
basin on Center avenue, 104 ft. 6 in. long, by 6 ft. 2 in. wide, with a 
flow depth of 24 in. under ordinary conditions. The basin is divided 
longitudinally by a timber baffle, making the total length of flow 
about 200 ft. Only under flow baffles or scum boards are provided, 
extending down to a point 15 in. above the floor. The deposit is 
usually so deep, however, that the actual flow space under the baffles 
is much less. There are three wire screens, of -J in. m.esh, at the 
outlet end, which are cleaned several times daily, by lifting and 
shaking off the clogging material. 

Two, and sometimes three, men are kept at the basin, cleaning 
out the sludge and skimming off the grease. This is carted away, 
the sludge being pressed and used for fertilizer, the grease being 
rendered. 

WEIR. A 2 ft. weir, with two end contractions, was built across 
the outlet end of the basin. Ordinarily a 3 in. hole through the 
central baffle connects the inlet and outlet ends of the basin, by-pass- 
ing a part of the entering sewage. During the test this hole was 
plugged. 

READINGS AND SAMPLES. Sampling was begun at 2 p. m., 
May 23, 1911, and continued in the same way as at 43d street. 
SETTLING EXPERIMENTS. Settling experiments on the 

TABLE 130. 

NOMINAL ELEMENTS OF 43RD PL. CATCH BASIN. 



Flow, 


Period, 


Av 


. Velocity, 


c. f. p. s. 


Min. 


Ft. 


per Min. 


1,0 


21 




9.5 


1.5 


14 




14.3 


2.0 


10.5 




19.1 


2.5 


8.4. 




24 


3.0 


7. 




29 



effluent of the catch basin show that from 50 to 60 per cent, of the 
suspended solids will settle out in one hour under quiescent condi- 
tions. 
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PLOW. The calculated flow of the 43d place sewer and the 
chemical analyses are shown in table 129/ 

SLUDGE. Although sludge is continually removed from the 
basin, from 6 in. to a foot may always be found on the bottom, 
deepest at the influent end. This is composed of cinders, scraps of 
flesh, hides and offal, and paunch manure, and is fairly fresh, with 
a strong "pig-pen" odor. 

SLUDGE ANALYSIS. 

Per Cent. 

Moisture 58 

Volatile matter ,; 26 on dry basis 

Fixed " 74 

Nitrogen 1.4 " 

Fat 1.7 

PERIOD IN CATCH BASIN. The nominal period in the catch 
basin may be estimated from the flow of the effluent weir (table 130). 

44th STREET SEWER. 

DESCRIPTION. The 44th street sewer is a 24 in. tile sewer, 
receiving the drainage from the stables, fertilizer factory, wool 
puUery, part of the oleo house, and from the cooper shop and 
lumber yard. 

CATCH BASIN. No catch basin is provided on the main line, 
but the water from the wool puUery passes through two, both built 
of timber. One receives the flow from the wool cleaning vats, and 
the other the flow from the liming vats. The flrst is 47 ft. long, by 
4 ft. 6 in. wide, with a flow depth of about -4 ft. There are underflow 
baffles, extending to a point 24 in. above the bottom of the tank. The 
second is similar, except that it is 56 ft. 6 in. long. These basins are 
kept clean. The sludge from the flrst is composed largely of manure 
and dirt washed from the pelts. Brown in color, with a gaseous 
odor, it is used for fertilizer. The sludge from the second is largely 
slaked lime and, wool. Dirty white in color, it has a characteristic 
lime odor. The wool in it is recovered. 

WEIR. A weir 2.0 ft. long with end contractions was built in 
a timber manhole at Center avenue. Readings were taken with a 
hook gage. 

READINGS AND SAMPLES. Readings and samples were 
started May 23d, but owing to a leak in the weir, the readings prior 
to 2 p. m.. May 24th, were discarded (table 131). 



238 









•ri 
















•a 








CI 
















D. 








m 








■S 








rn 






T) 








a'" 








i 


A 














u 


a 






fl 


o 






9 


02 


fc 




I 




<< 




CM 








i 






3 


o 






^ 


=a 


;a 






Ph 


o 






t) 






o 


11 








^ 




id 


p^ 


pjj 




lU 


<! 


(S 




E 


p4 


i 


1 

03 




02 ,-1 




§ 


:S 


. o> 




pg 


"S 


LE 131. 

TH ST 
to 26, 1 




1 


>° 


§ 3 g5 




02 




1- f^ ^ 
o S 






•3 
o 
H 


o 








Hi 








pq 








P^ 






o 




OQ 


g 




I'i 


02 




|X( — 


i» 




u 


>-5 






iS 






^ 






<1 






fq 






<) 






o 










<« d 


g 




o o 


o 




■a -3 
•2 S 

-*3 






>. 












i^ 





03 05 • -00 
tOOi • 't- 



inco 

05tO 
C"3"5 



•lO 

■ >o 

•(M 



^■* • -(NOO 

t>to • -mo 



•CO -lO 
■CM -CO 



■o> 



■(M -O 

•to .(D 
• to ,-)l 



to to 

00 00 



■■*(N 

• MCn 

■00 CO 



CD 00-^ ^00 CD -"f CO -^ Oif* lOO OOCO coco ■<. _. 
iO»O-^C0^t^(N'<**,-i00r-(T-i-^OC0t^'«:J*t^i-< 
T-l ,-H rH <N (N T-t »-H 1— I .... 



Si-HQO 



:?5; 



fi T-c O CO 00 t~ CO 
• FHr-HOOOi— li-H»-lt— (1— (OOO*— t»Hi-( 



a^aa aaa .aaa^aaa .aaa^aaa .a 

p. d^ C3cdg9^c3ada3^ eS^oj^cld* D.^ a3 o3 oQ ^ Pi 
■^OOCq-^OOONfN'^COtN'^OOOtNCqrJicOtM'^OOOtNC^I 



OOQOOOOO 
CN-*00(Nrh00OCqC<l-^00(N'^00O{N(N'^C0WrhG0O(N 



S! 



239 



APPENDIX V. 



ARMOUR GLUE WORKS. 

Tests were made in October, 1910, at the Armour Glue "Works, 
near 31st and Benson streets, to determine the character of the wastes 
discharging into the river. The factory manufactures glue, bone 
dust, fertilizers and soap. In the washing of the pieces of hides, 
hair and other refuse from the tanneries, a deal of lime is set free, 
which the superintendent, Mr. Kiley, estimates at one ton a day. 
All this goes into the river. The water consumption is estimated at 
about two million gallons a day for all purposes. This includes the 
water from the vacuum pans where the glue is concentrated, the 
condenser water, and all wash water from the plant. There are at 
present some so-called catch basins in the basement of one building. 
These are designed and operated as grease traps, and do not hold 
back any of the lime sediment, and cannot be classed as settling 
basins. At present no effort is made to hold back any of the sus- 
pended matter, other than grease, except through the use of punched 
copper screens on the washing tanks, which retain some hair. 

There are nine outlets, eight of which were sampled, numbered 
from to 7. It is probable that the waste discharged from the out- 
let not sampled is similar to that of No. 7. Sampling began at 11 :30 
A. M. Monday, Oct. 24, 1910, a portion being taken every half 
hour from each of the outlets, running for 24 hours consecutively. 
These tests were extended over the 24, '25 and 26 of October, and 
ended at 8:00 A. M., October 27 (table 132). 

The character of the waste was indicated by the chemical anal- 
yses shown on table 132. Observations also showed a difference in 
the character of the discharge of the outlets, as No. and No. 1 
apparently receive very slight amounts of industrial wastes. This 
was checked by the analyses. The other outlets showed signs' of 
gross pollution, particularly as indicated by the suspended matter. 
This is excessively high on outlets Nos. 3, 4, 5, 6 and 7. In No. 4 
and No. 7 it is high practically all the time, and on the others par- 
ticularly in the daylight hours, running light at night when a por- 
tion of the works is shut down. The suspended matter on an aver- 
age for 24 hours ran as high as 2,444 parts per million, on No. 4, 
of which 1,444 parts were volatile and 1,000 fixed matter. Much of 
this is calcium carbonate and hydrate, largely slaked lime from 
the washing vats. The organic matter is high throughout. In ex- 
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periments under quiescent conditions, the major portion of the sus- 
pended matter settled out in 30 minutes, and in all eases two hours 
sufficed. On samples from No. 4 and No. 7 a scum formed, showing 
that some of the suspended matter is very light and greasy, probably 
the volatile portion. 

From the analyses, the waste waters from three outlets appear 
of reasonable quality, as they are not much stronger than average 
sewage. The other outlets contain at times so much suspended 
matter that they should be collected in a common basin for settling, 
with a settling period of at least two hours. Scum boards are re- 
quired to hold back the grease or floating suspended matter. The 
basin should have hopper bottoms to facilitate cleaning. 
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APPENDIX VI. 



Report of Test at Plant of 

BOYD-LUNHAM COMPANY. 

June 20 and 21, 1911. 

LOCATION: The Boyd-Lunham plant is at 45th and Cook 
streets, west of Eoberts and Oake. Their sewage outlet is to Center 
avenue by way of 45th street. 

PLANT. This is one of the smaller packing Houses, doing only 
a pork business. Dressed, smoked and boiled, and pickled meats 
are prepared, but no canning is done. Lard, grease and fertilizer 
are made. Two hundred and fifty to three -hundred men are em- 
ployed. 

CAPACITY. The capacity of the plant was given as 250,000 
hogs per annum. The kill during the two days of the test was 1,480 
and 443 hogs, respectively. The kill usually begins at about 8 a. m., 
lasting until 4 or 5 p. m. The plant is not operated at night so that 
the cleaning up practically terminates the flow of sewage. 

OPERATION. Most of the blood is-^ saved, coagulated and 
filtered, and added to the fertilizer. All wash and floor water goes 
to the catch basin. Offal and scraps are rendered for grease, the 
tank liquid is evaporated for "stick," and the solid tankage pressed 
and dried for fertilizer filler. All paunch manure is put into the 
rendering tanks, without being pressed. No ground bone is made, 
but steam bone is utilized with the tankage. All hair is sold green. 

SEWERS. The flow from the killing floor, cutting rooms, tank 
rooms, sausage and fertilizer departments, and the smoke house, 
passes through the catch basin. Toilets, down spouts, condenser 
water, etc., drain direct to the street sewer. 

CATCH BASIN. The catch basin is of timber 21 ft. long by 3 
ft. wide, with a minimum flow depth of 2 ft. 7 in. There are four 
sets of under- and over-flow baffles, the baffles of each set being 12 
inches apart. The under-flow baffles are 12 in. above the bottom of 
the basin, while the over-flow baffles are 5 to 7 in. below the surface. 
At the effluent end, the water passes over a tight baffle, 2 ft. 7 in. 
high, and through two i in. mesh wire screens. 

The basin is said to be cleaned once a week, the sludge being 
used for tankage. No regular care is taken of the basin, the screens 
being cleaned only when badly clogged. 

MEASUREMENTS AND SAMPLES. As no plant discharges 
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into the 45th street sewer above Boyd-Lunham, a weir was built 
in a street manhole below their last outlet, and readings and sam- 
ples taken there. The weir was 1.25 ft. long, without end contrac- 
tions. Samples were taken from 10 a. m. to 4 p. m., June 20th, and 
from 8 a. m. to 5 p. m., June 21st. The maximum flow was 0.90, the 
minimum 0.39 cu. ft. per see. (table 133). 





TABLE 134. 

NOMINAL ELEMENTS OF CATCH BASIN. 
Capacity 168 Cu. Ft. 


Mow, 

C. f. p. B. 


Period in Basin, Av. Velocity, 
Min. Ft. per Min. 


Max. Velocity, 
Ft. per Min. 


0.25 
0.50 
0.75 


11.2 1.9 

5.6 3.8 

3.7 5.6 


5.0 
10.0 
15.0 



SETTLING EXPERIMENTS. Settling experiments with the 
outflow of the Boyd-Lunham plant show that 50 to 60 per cent, of 
the total suspended solids will settle out in one hour under quiescent 
conditions. 
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APPENDIX VII. 



Report of Test at Plant of 

BRENNAN PACKING COMPANY. 

July 11 and 12, 1911. 

PLANT. This is a moderate sized coneern, located at 3916 
Butler street, conducting a fresh and pickled pork business. The 
usual daily kill is about 750 hogs. There is no smoke house, tripe 
room, bone room or hide cellar, although several sweet pickle rooms 
drain out considerable brine. No fertilizer is made, but the scraps, 
etc. go to a tank house, the solid tankage being sold for fertilizer 
filler, to which the paunch manure is added. The tank water is not 
evaporated, but goes to the catch-basin. 

CATCH BASIN. The catch-basin is concrete, 41 ft. long by 
4i ft. wide, with a normal flow depth of 18 in., or less. It is bafSed 
alternately with over- and under-flow baffles 4 ft. on centers.. The 
under-flow baffles have a bottom clearance of about 4 in., while the 
over-flow baffles are nominally about 3 in. under the surface. With 
the weir in there was about 5 in. of water over them. Two feet 
from the outlet end is a timber underflow baffle. The flow is taken 
from the down-stream side of this, at the surface, by a vertical 8 in. 
tile which passes out through the floor. Above the catch-basin 
proper, several grease tanks are located, 4 ft. by 6 ft., and about 18 in. 
deep. Three of these were in use at the time of the test. The catch- 
basin receives the entire flow except from one sweet pickle cellar. 
A weir 2 ft. wide, with end contractions, was built across the basin 
about 6 ft. back from the outlet end. The crest of the weir was 18 
in. above the floor. Readings and samples werfe taken for two days, 
from 8 a. m. to 4 p. m. only. The maximum flow was 0.50, the 
minimum 0.29 cu. ft. per sec. (table 136). 





TABLE 135. 

' NOMINAL ELEMENTS OF CATCH-BASIN. 
Capacity is 271 cu. ft. 




Flow 
c. i. p. s; 


Period in Basin, 
Min. 


Av. Velocity 
Ft. per Min. 


Max.' Velocity, 
Ft. per Min. 


0.20 
0.30 
0.50 


23 

15.4 
9.2 


1.8 
2.7 
4.4 


8.0 
12.0 
20.0 
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SETTLING EXPERIMENTS. Settling experiments with the 
effluent of the catch-basin show that 60 to 70 per cent, of the total 
suspended solids will settle out under quiescent conditions. 
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APPENDIX VIII. 



Report of Tests at Plant of 

CHICAGO PACKING COMPANY. 

June 20 and 21, 1911. 

PLANT. The plant of the Chicago Packing Company is located 

at 4531 Gross avenue. A general slaughtering and packing business 

is conducted on a small scale, slaughtering cattle, calves and hogs, 

and sheep subsequent to June 1, 1911. The products are dressed, 

smoked and boiled meats, tripe, lard and inedible gi-ease. About 

fifty men are employed. 

CAPACITY. The average kill was given as follov7s : 

Cattle 50 daily 

Calves 60 daily 

Sheep 100 per vreek 

Hogs 150 per week 

MANUEE. The pen manure is swept up and dumped at Arm- 
our's, whence it is shipped to the country. All paunch manure, 
except that from calves, is disposed of likewise. There are no 
paunch manure separators or presses, but the paunches are ripped 
open and their contents dumped through a chute into carts. In 
this way very little escapes. The calf paunches are put whole into 
the rendering tanks for fertilizer. 

BLOOD AND EENDERING. The blood is collected, cooked, 
but not filtered, and then sold to the fertilizer manufacturers. , Lard 
is rendered, and all scraps and offal, along with the calf paunches, 
are rendered for inedible grease. The liquid goes to the catch-basin, 
and the solid portion is pressed and sold as tankage. As in other 
small houses which have no evaporators,, the tankage is cooked until 
practically dry. All casings are cleaned and packed. There is a 
smoke house, tripe room and a hide cellar. All bones are sold green. 

TABLE 137. 

NOMINAL ELEMENTS OF CATCH BASIN. 
Capacity, 320 Cu. Ft. 

Flow. Period in Basin, Average Velocity, Maximum Velocity, 

0. f. p. s. Min. Ft. per Min. Ft. per Min. 

0.10 53.3 0.6 1.5 

0.20 26.6 1.2 3.3 

0.30 17.8 1.8 4.5 
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SEWERS AND CATCH BASIN. All sewage, except overflow 
from pumps, condensing water and toilets, flows througli a concrete 
catch-basin 32 ft. long, 4 ft. wide and about 2^ ft. deep- (water 
depth). The basin is divided into 3 compartments by concrete 
under-flow baffles, 8 ft. on centers. The flow space below these is 
12 ia. deep. Between these are timber over-flow baffles, each pror 
vided with a 12 in. lift gate. At the outlet are two i in. mesh wire 
screens, which- are taken out, singly, when clogged, and cleaned 
with a steam jet. The screens are said to have been installed about 
May 1, 1911. 

"WEIR. A weir was built on the last overflow baffle, just above 
the screens, with a net length of 3 ft. f in. with 2 ^nd contractions. 
The maximum flow was 0.27, the minimum 0.19 cu. ft. per sec. 
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APPENDIX IX. 



Report of Test at Glue Plant of 

DARLING FERTILIZER COMPANY. 

June 13 to 15, 1911. 

DESCRIPTION. The Glue Plant of the Darling Fertilizer Com- 
pany is on 42d street, one block east of Ashland avenue. Glue, 
inedible tallow and poultry food are made. Selected bones are 
dried and sold to the button manufacturers. 

OPERATION. Bones and fresh meat scraps, bought from mar- 
kets and restaurants, are collected by the company. As unloaded 
they are sorted by hand into different grades, the bones being kept 
separate, and resorted. The thighs or buttocks, leg-bones and ribs, 
in good condition are saved for the button manufacturers, while 
rejects are used as "steam" or "soft" bone for making glue. 

The scraps of hide, sinew, hoofs or tails are used for making 
glue, while the meat and fat scraps are rendered for grease. The 
solid tankage is pressed and dried, then ground for poultry food. 
The liquid is evaporated. The wash- and floor-water is collected 
and settled under heat inside the building before going to the catch- 
basin, to extract the grease. 

CATCH-BASIN. The concrete catch-basin is divided into two 
sections, both located in the alley between the two main buildings. 
Each is 3 ft. wide by 2^ ft. deep, with a total length of 120 ft. Over- 
and under-flow baffles are provided, spaced about 8 ft. apart. The 
under-flow baffles act only as scum boards, but the over-flow baffles 
extend to about 3 in. below the top of the water. The sewage enters 
the catch-basin at several points along its length. The effluent dis- 
charges through a 20 in. tile emptying into the effluent end of the 
disused catch-basin on' Swift's 42d street line. 

A 24 in. weir, with two end contractions, was built in the last 
overflow baffle. Samples and readings (table 139) were taken 
during the day only, for two days. The maximum flow was 0.31, 
the minimum 0.18 cu. ft. per sec. / 
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SETTLING EXPEKIMENTS. Settling experiments with the 
effluent of the glue plant show that 70 to 75 per cent, of the total 
suspended solids will settle out in 1 hour under quiescent conditions. 
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APPENDIX X. 



Report of Tests at Plant of 

FRIEDMAN MFG. CO. 

July 6 and 7, 1911. 

DESCRIPTION. The Friedman Mfg. Co. is located just west of 

the Anglo-American plant. Neutral lard, butterine and renovated 

butter are the products. Only fresh selected stock is used, to avoid 

v?aste. No soap is made. The floeculent precipitates present in the 

samples may be due to the sal-soda used in washing up. 

CATCH BASIN AND SEWER. All the flow from the plant 
passes into a timber catch basin, 24 ft. long by 8 ft. wide, baffled. 
The flow space under the underflow baffle is 4 in. At the time of the 
test the depth of water was 21 in., making about an inch over the 
overflow baffles. At the outlet are three i in. mesh wire screens, all 
removable. The velocities are all high (table 140). 

The outlet sewer empties into the river just south of the line 
fence of the Chicago Reduction Company, through a small trap, 2 ft. 
wide by 4 ft. long, which retains a little floating grease, but has no 
settling value. A weir 1.23 ft. long without end contractions was 
built across the end of the outlet. Samples and readings (table 141) 
were taken for two days from 10 a. m. to 4 p. m., and from 8 a. m. to 
4 p. m. The maximum flow was 0.17, the minimum 0.11 cu. ft. per sec. 

Besides the Friedman Mfg. Co., the toilets of the Chicago Me- 
chanical Mfg. Co., and the Anglo-American stables drain into this 
sewer below the catch-basin. Both places employ about 85 men. 
The Friedman Mfg. Co. has a regular force of about 200. 

TABLE 140. 

NOMINAL ELEMENTS OF FRIEDMAN CATCH BASIN. 
Capacity, 336 Cu. Ft. 

Flow, Period in Basin, Av. Velocity, Max. Velocity, 

c. f. p. s. Min. Ft. per Min. Ft. per Min. 

0.10 56 0.86 4.5 

0.20 28 1.7 9.0 

0.30 18.7 2.6 13.5 
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SETTLING EXPERIMENTS. Settling experiments with the 
effluent in a 500 e. e. cylinder show that 28 per cent, of the total 
suspended solids settle out in 1 hour under quiescent conditions. 
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APPENDIX XI. 



Report of Tests at Plant of 

HENRY GUTH. 

July 14 and 18, 1911. 

PLANT. This house slaughters cattle and sheep on a very small 
scale, and is located on Halsted street just south of 39th street. The 
usual kill is about 20 cattle, 15 to 20 calves, and 30 to 40 sheep per 
day. Everything is done by hand with few modern appliances. Very 
little water is used, as the carcasses are simply washed off with a 
sponge or cloth, as dressed. No blood is saved, but all scraps, 
paunches, etc., are sold. No by-products are made. 

FIELD WORK. There is a very small catch-basin. The samples 
were taken in a manhole. It was not practicable to build a weir, so 
readings were taken of the water-meter. As there is no evaporation 
or tank room these readings give a very close line on the sewage 
flow. Samples and meter-readings (table 142) were taken at 20 
minute intervals from 10 a. m. to 4 p. m., July 14th, and from 10 a. 
m. to 6 p. m., July 18th. 
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SETTLING EXPERIMENTS. Settling experiments with the 
effluent of the Guth plant show that 32 to 70 per cent, of the total 
suspended solids will settle out in 1 hour under quiescent conditions. 
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APPENDIX XII. 



Report of Tests on Plant of 

G. H. HAMMOND CO. 

April 19 to 22, 1911. 

PLANT. The G. H. Hammond Co. plant is a typical packing 
house, slaughtering cattle, sheep and hogs, preparing dressed, 
smoked and canned meat, and producing a variety of by-products, 
such as butter, oleomargarine, tripe, soap fats, grease and fertilizer. 

SLAUGHTERING. In the first stages of the packing house, 
cattle and sheep are killed, cleaned and skinned. The hog is killed 
and cleaned and the hair removed. "Whatever digested manure may 
accrue is saved and sold, whether from hogs, sheep or cattle. The 
paunch manure contains, however, semi-digested grain and hay. 
From the hogs, the solid portion of the paunch nianure is used in 
fertilizer. From the cattle and sheep, the paunch manure is collected 
into a screw press (or expeller) and compressed to reduce the content 
of moisture. The dried product can be burned. About 22 lbs. per 
head of cattle is collected, said to have a fuel equivalent per ton of 
i ton of coal. The liquid waste and water from the floors contains 
some paunch manure. This passes into the sewer. 

The blood is coagulated by heat, and filtered through cloths in a 
filter press. The liquid effluent is cooked in brick basins (tank water 
catch basins) outdoors, heated by steam coils. The liquid is pumped 
into the "stick" stock and evaporated. The solid portion from the 
tank water catch basins is added to the blood, and sold as blood 
fertilizer. Any blood reaching the sewer passes through the collect- 
ing basin (C. B. 1). Offal from the cleaning of casings is rendered, 
but some finely divided material passes out with the wash water. 

DRESSING. The scraps are all rendered. The solid portion 
from the rendering tanks is pressed and dried, mixed with stick, 
and sold as tankage. The liquid from the rendering tanks is run 
into the tank water catch basins, eight in number. 

SMOKE HOUSE. Wash water from the floors is the only waste. 

CANNING AND TRIPE ROOM. The boiling water from the 
canneries, and the water from scalding and cooking the tripe enter 
the first compartment of the long basin. 

BUTTER, OLEOMARGARINE, ETC. In this department, the 
fats are hashed and cooked, and settled over night with salt to 
precipitate the moisture. The liquid is run off to the catch basin, to 
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be skimmed. There is also a compartment where the oleo settlings 
are skimmed. 

FERTILIZER. Besides the blood, there are two sources of 
fertilizer. The manure is dried, ground, mixed, and bagged and 
sold for lawns. The '>tick" or liquid from the cooking tank, boiled 
down, is added to the dried tankage, including the cleanings from 
the hog paunch. The tankage acts as a dryer and base to hold the 
- liquid. 

POWER PLANT. Condenser water runs out from the power 
plant into the south sewer. 

COLD STORAGE. Pickling liquor and, wash water from the 
floors are the wastes here. 

SEWER SYSTEM. The sewerage. of the Hammond Co. plant 
has three general subdivisions. 

I. This line discharges directly into the Center avenue sewer. 

It receives the drainage of the toile.ts in the general office 
building, kitchen drains, downspouts from the office building 
and the north side of the canning and packing building, and 
some of the toilets in the latter. 

II. The drains from the killing floors (except the paunch manure), 
the trimming and dressing rooms, coolers, packing and oleo 
departments, the laundry, and the rest of the toilets empty 
into the skimming tanks between the two main buildings 
(Catch Basin I). This is a long, shallow basin, built in eight 
compartments, each about 60 ft. long by 8 ft. wide, by 2^ 
ft. flow depth. Each compartment has a separate outlet into 
a concrete conduit running alongside the basin. The grease 
and fat are skimmed off and taken in barrels to the tank room. 
The lower end of this conduit opens into a small screen 
chamber fitted with a removable | inch mesh wire screen. 
This discharges into the main catch basin (Catch Basin II). 

III. The third system receives the effluent of the paunch manure 
tank, and the condenser water from the power plant and evap- 
orators. A 24 in. tile is the final outlet into the outlet compart- 
ment of the main catch basin. 

MAIN CATCH BASIN. The main catch basin is built of con- 
crete, 113 ft. long by 17 ft. wide inside, with a flow depth of 3^ to 4 
feet, baffled alternately, top and bottom, by timber baffles 16 ft. on 
centers. The upper baffles extend about 18 in. below the normal 
flow line, while the lower baffles rise 12 in. above the floor. The 
floor is flat, sloping toward the outlet. This is of no service, since 
the lower baffles are tight. At one time this basin was skimmed for 
grease. 
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SCREENS. Two sets of screens are in place at the outlet end 
of the main catch basin, both of ^ in. mesh. One set (upstream) is 
fixed. The other set (downstream) is removable, built in two parts, 
each 4 ft. wide. Below this, a wooden stop plank forms the overflow 
weir of the catch-basin. A gate may be opened in this stop plank, 
with very large flows. 

CONDENSER WATER. Midway between the two sets of 
screens is the suction of a pump feeding the evaporators with cooling 
water. This pump is run continuously while the fertilizer plant is 
in operation. At night this draws down the main catch basin as 
much as 24 in., leaving a flow depth as slight as 15 in. above the 
bottom. 

BLOWOFF OF MAIN CATCH-BASIN. Directly under the in- 
take pipe of the centrifugal pump is a 12 inch gate, which by-passes 
the screens. There was considerable flow through this. During the 
test the leakage was cut to a minimum with sand ,bags. This gate 
would permit any sediment on the bottom of the tank to wash out. ' 

PAUNCH MANURE TANK. The overflow from the paunch 
manure expellers ia the killing room passes into a shallow concrete 
basin 10 ft. square, on the South side «f the killing house. This is 
baffled to make a flow under and over. The paunch manure which 
settles out in the rapid current is forked out by an attendant and 
carted away to the dump. A great deal of paunch manure escapes. 

TANK WATER CATCH BASINS. These are eight in number, 
built^of concrete, lined with brick, open, each 10 ft. by 16 ft. by 
10 ft. deep, with a capacity of 11,000 gallons. Steam coils are run 
inside the tank, just above the bottom. The tank water is allowed 
to settle in these tanks for 8 to 12 hours, at a temperature of 150 to 
180 deg. Fahr. Whatever grease rises to the surface is skimmed off. 
The water is pumped out and evaporated to stick. The solid residue 
is cleaned out and put into the tankage. None of these tanks are 
said to discharge into the sewer. 

OUTLET CHAMBER. The overflow weir of the catch basin 
discharges into a compartment which also receives the 24. in. tile 
drains from the paunch manure basin, etc. A 36 in. drain carries 
both flows into the Center avenue sewer. This can be closed by a 
sluice gate at time of heavy rains. The 10 inch centrifugal pump is 
then operated, drawing its water from the combined flow. This 
discharges into the main sewer. 

WEIRS. Two weirs were built, one. Weir A, to measure the 
flow through the main catch basin, the other, Weir B, to measure 
the flow from the paunch manure tank, condensers, etc. Both weirs 
were built with end contractions, the crest of A being 24 inches long, 
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and of B 12 inches long. Folding rules were set in place to serve 
as gages. To prevent leakage, sand bags were packed in on the floor 
behind the weirs. Inuring the first day Weir B developed a serious 
leakage, which was finally stopped with more sand bags. 

FIELD WORK. The duration of the test was 72 hours. Samples 
were collected and the head over the weirs read and averaged ac- 
cording to the following schedule : 

ONE HOUR. Between 8 a. m. and 2 p. m. a portion of about 
500 c. c. was collected every 10 minutes, and averaged in a gallon 
bottle for the hour, the weir being read also. 

TWO HOURS. Between 2 p. m. and 8 p. m., a portion of about 
200 c. c. was collected every 10 minutes and averaged in a gallon 
bottle for 2-hour periods, the weir being read also. 

FOUR HOURS. Between 8 p. m. and 8 a. m., a portion of about 
200 c. c. was collected every 15 minutes and averaged in a gallon 
bottle for 4-hour periods, the weir being read also. 

KILL DURING TESTS. The kill during the tests was as 
follows : 



Date 


Cattle 


Sheep 


Calves 


Hogs 


April 20 


850 


1577 


129 


1089 


21 


558 






1319 


22 








800 



ANALYSES. Owing to the large number of samples, only the 
suspended matter of individual samples was determined. Weighted 
by the flow, composite samples were made in the laboratory covering 
typical periods. On these the oxygen consumed was determined, ,and 
special settling tests were made. The results of the analyses (table 
143) show a varying content of suspended matter. The results 
at Weir A are consistently lower than at Weir B, with the exception 
of a few samples taken late in the afternoon or at night, when the 
catch basin was used as a condenser supply. Weir B contains a deal 
of paunch manure, as well as material probably drawn through from 
the catch basin by the condenser pump. The highest content on 
Weir A was 676 parts per million, on Weir B 2148 parts per million. 
Both figures are high, indicating insufficient settling. 

CHARACTER OF SUSPENDED MATTER. The character of 
the suspended matter is greatly different from that in City sewage. 
The proportion of volatile or organic matter to fixed or mineral 
matter is very high, ranging from 80 to 97 per cent. 

OXYGEN CONSUMED. The oxygen consumed is high on all 
the average special samples, being higher on "B" than on "A." In 
general a very large proportion of the oxygen consumed is in solu- 
tion, although occasionally the reverse occurs.' 
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SETTLING EXPERIMENTS. The settling experiments made 
in 500 c. c. graduates indicate that the suspended matter settles very 
quickly under quiescent conditions, and that a period of one hour 
makes a very marked reduction, the percentage reduction varying 
according to the amount of suspended matter present. From 35 to 
73 per cent, was removed (table 146). 

TESTS ON FINAL CATCH BASIN. Comparative samples col- 
lected of the influent and effluent indicate very little settling. The 
results are as follows: 

April 21, 11 a. m. to noon. 

Paets peb Million. Percent. 

Influent. Effluent. Reduction. 

Suspended Matter: 

Total 456 412 10 

Volatile 400 

Fixed.. 56 

Oxygen Consumed: ' 

Total 292 

Dissolved 155 

Suspended 137 

April 21, 3 p. m. to 4 p. m. 
Suspended Matter: 

Total : 448 388 13 

Volatile 380 

Fixed 68 

Oxygen Consumed: 

Total 146 

Dissolved 108 .... 

Suspended 38 ._j_^ .__^_^_ 

FLOW. To find the maximum flow, the sum of the readings 
of Weir A and Weir B should be taken. This occurred between 2 :00 
and 4 :00 p. m., being 3.41 cu. ft. per second. The next largest flow 
was 2.87 cu. ft. per second between 1 and 2 p. m. Flows of approxi- 
mately 2 cu. ft. per second are quite frequent in the working day. 
This would indicate a maximum flow of about 2^ million gallons 
per 24 hours, and a flow of several hours duration of about 1%, 
to 1% million gallons daily. 

TABLE 144. 

HYDRAULIC ELEMENTS OF CATCH BASIN. 





Calculated 


Calculated 


Velocity of Flow, 


Flow in Cu. 


Period in Basin, 


Average Flow, 


Maximum, 


Ft. per Sec. 


Minutes. 


Ft. per Min. 


Ft. per Min. 


0.5 


223 


0.51 


0,79 


1.0 


115 


0.98 


1.57 


1.5 


79 


1.43 


2.33 


2.0 


60 


1.88 


3.14 


2.5 


49 


2.30 


3,91 


3,0 


42 


2.70 


4.70 


3.5 


36 


3.14 


5.56 
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PERIOD IN CATCH BASIN. The normal capacity of the catch 
basin for a depth of flow of 31/2 ft. is 50,300 gallons, or 6,723 cu. ft. 
The period in the basin varies with the rate of flow (table 144). 

A test with a flow of 2.2. cu. ft. per second at 1 p. m., April 25th, 
showed that some dye reaches the outlet in 15 minutes and the major 
portion in 20 minutes. The distribution of flow might be improved. 
SLUDGE. The sludge in the main catch basin^ measured on 
April 28th, a week after the test, showed an average depth of 0.64 
■ft. The calculated volume was 49 cubic yards. The sludge layer 
was deeper and denser at the inlet end, and shallower and appar- 
ently fresher at the outlet end. This was said to be the accumula- 
tion of a month. The sludge is said to be drained and tised in the 
tankage. 

ANALYSIS OF SLUDGE. Sludge taken from the final catch 
basin on April 28th, when dried, was of light brown color, contain- 
ing a deal of wood fibre, mineral matter and undigested foodstuff 
(table 145). 

It is of high specific gravity, and low moisture content com- 
pared to sewage sludges, containing a high proportion of fixed mat- 
ter. The per cent, of fat and organic nitrogen are both extremely 
low. 

TABLE 145. 
Analysis of Sludge from Hammond Catch Basin. 
Color : Black. 
Odor : Gaseous. 
Specific Gravity : 1.18. 
Moisture : 61 per cent. ^ 
Volatile matter (dry basis) : 34 per cent. 
Fixed matter (dry basis) : 66 per cent. 
Nitrogen (dry basis) : 0.8 per cent. 
Pat (dry basis) : 1.89 per cent. 

CLEANING MAIN CATCH BASIN. The basin was cleaned on 
April 29, 1911. After the water was drained down to the level of the 
bottom baffles, the sludge was shoveled out. During cleaning, the 
emergency 12-inch gate was op'ened about two inches. All the liquid 
not pumped to the driers went out through the gate, washing away 
all the light sludge near the screens. 

SCREENS. The placing of the screens is disadvantageous from 
a settling standpoint, as the pump suction draws the water through 
the entire area: of the screen. Such coarse screens are of little service, 
particularly if the basins be cleaned frequently. They should be m 
duplicate. The clogged screen should be lifted, cleaned and re- 
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placed, tlie screenings being removed. As operated at present, the 
screenings fall back into the basin. 

SUGGESTIONS. To improve the existing plant, certain changes 
are desirable, particularly in operation, from the individual stand- 
point. 

1. It was expected in 1911 that the paunch manure would be 
retained by additional presses, and settling on the stripping floor. 
If done, this has not proved adequate, and a five mesh screen or a 
settling basin, or both, should be provided for the paunch manure 
sewer. 

2. The reservoir for condenser water should be separate from 
the catch basin, to prevent flushing material through. It is feasible 



TABLE 143. 

TEST OP G. H. HAMMOND CO. PLANT. 
April 20 to April 22, 1911. 





Time of 


Wei 


kA 


Wei 


rB 






Suspended 


. 


Suspended 


April. 


^ Sampling. 


Flow 


Matter, 


Flow, 


Matter, 






Cu. Ft. per 


Pariis per 


Cu. Ft. per 


Parts per 






Sec. 


Million. 


Sec. 


Million. 


20 


12 to 1 p. m. 


0.63 


372 


0.54 


1428 




Ito 2 


1.18 


676 


0.79 


1664 




2 to 4 


, 1.36 


396 


0.40 


1548 




4to 6 


0.94 


368 


0.48 


1576 




6 to 8 


0.69 


296 


0.50 


960 




8 to 12 Mdt. 


0.09 


. 292 


* 


300 


21 


12 to 4 a.m. 


D 


308 


* 


132 




4 to 8 


D 


180 


* 


404 




8 to 9 


0.32 


188 


0.27 


1544 




9 to 10 


0.88 


416 


0.51 


1320 




10 to 11 


1.16 


344 


0.54 


1288 




11 to 12 Noon 


1.28 


412 


0.69 


2148 




12 to 1 p. m. 


0.74 


500 


1.31 


884 




Ito 2 


1.34 


468 


1.53 


1256 




2 to 4 


2.01 


388 


1.40 


1160 




4 to 6 


0.90 


328 


0.95 


308 




6 to 8 


D 


216 


0.71 


228 




8 to 12 Mdt. 


D 


292 


0.63 


264 


22 


12 to 4 a. m. 


D 


200 


0.53 


388 




4 to 8 


D 


200 


0.64 


244 




8 to 9 


D 


404 


0.47 


340 




9 to 10 


D 


364 


0.45 


300 




10 to 11 


D 


368 


0.42 


340 




11 to 12 


0.34 


378 


0,49 


516 




12 to 1p.m. 


D 


360 


0.42 


416 




Ito 2 


D 


476 


0.44 


544 




2 to 4 


0.10 


370 


0.44 


480 



* Weir leaked. 

D Catch basin drawn from below crest of weir. 
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to use the present basin as a storage basin and put in the additional 
settling required on the joint line. 

3. The roofs, toilets and human waste should be separated, 
and not pass through the settling basin. 

4. The construction of a settling basin to care for the whole 
discharge, unless a common settling basin be built at the outlet of 
the Center avenue sewer. 

TABLE 146. 

SETTLING EXPERIMENTS IN LABORATORY. 
Made in 500 c.c. Cylinders. 







P 


A.HTS PEI 


I MlLUO 


N. 




Sample No. 


BV. 


BVI. 


BVII. 


AVIII. 


AIX. 


AX. 


ORIGINAL— 
Suspended Matter: 
Total 


1612 

1488 

124 

92 

478 
138 
340 

434 

396 

38 

232 

138 

94 


972 

896 

76 

92 

360 
139 
221 

634 

588 
46 

235 

139 

96 


268 

256 

12 

96 

156 

74 
82 

148 

142 

6 

111 
74 
37 


468 

444 

24 

95 

256 
141 
115 

256 

244 

12 

■181 

141 

40 


472 

432 

40 

92 

240 
130 
110 

228 

222 

6 

179 

130 

49 


240 


Volatile 


232 


Fixed 


8 


Volatile (per cent, of Total) 

Oxygen Consumed: 
Total 


97 
122 


Dissolved 


68 


Suspended. .- 


64 


SETTLED LIQUID— 
Suspended Matter: 
Total 


124 


Volatile 


124 


Fixed 





Oxygen Consumed: 
Total 


109 


Dissolved .' 


68 




41 







PERCENTAGE REDUCTION BY 1 HOUR QUIESCENT SETTLING— 



Suspended Matter: 
Total. 


73 
73 
69 

51 


72 


35 
34 
39 

35 


57 


45 
45 
50 

29 



55 


45, 

45 

50 

29 



65 


52 
49 

85 

26 



55 


48 


Volatile. . 


46 


Fixed. 


100 


Oxygen Consumed: 
Total 


11 







Suspended. . . 


24 







Note. Composite samples are made up as follows: 
From samples collected on 

BV. April 21, 8 a. m. to noon. Weir B. 

BVI. April 21, noon to 4 p. m. Weir B. 

BVII. April 21, 4 p. m. to Apr. 22, 8 a. m. Weir B. 

AVIII. April 21, 8 a. m. to 1 p. m. Weir A. 

AIX. April 21, 1 p. m. to 4 p. m. Weir A. 

AX. April 21, 4 p. m. to Apr. 22, 8 a. m. Weir A. 
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TABLE 146— (Continued). , 

SETTLING EXPERIMENTS IN LABORATORY. 
Made in 500 c. o. Cylinders. 







If 


4.BTS PBI 


I MiiiUC 


N. 




Sample No. 


BXI. 


AXIL 


AIII. 


AIV. 


BI. 


BII. 


ORIGINAL— 
Suspended Matter: 
Total 


372 

312 

60 

84 

174 

110 

64 

250 

218 

32 

128 
110 

18 


438 

352 

86 

80 

190 

141 

49 

248 

234 

14 

149 
141 

8 


400 

380 

20 

95 

228 

145 

83 

224 

204 

20 

177 

145 

32 


296 
276 

20 

93 

164 

113 

51 

176 

156 

20 

132 
113 
19' 


1416 

1264 

152 

89 

392 
132 
260 

388 

344 

44 

200 

132 

68 


372 


Volatile 


348 


Fixed 


24 


Volatile (per cent, of Total) .... 
Oxygen Consumed: 

Total 


92 
138 




69 


Suspended 


69 


SETTLED LIQUID— 
Siispended Matter: 

Total. ... .... 


126 


Volatile 


114 


Fixed 


12 


Oxygen Consumed: 

Total 


96 


Dissolved 


69 




27 







PERCENTAGE REDUCTION BY 1 HOUR QUIESCENT SETTLING— 

Suspended Matter: 

Total 

Volatile 

Fixed : . 

Oxygen Consumed: 

Total 

Dissolved 

Suspended 



33 


43 


44 


41 


73' 


30 


33 


46 


44 


73 


47 


84 








71 


26 


21 


62 


20 


49 

















72 


84 


73 


63 


74 



66 
:67 
50 

31 



61 



NoTB. Composite samples are made up as follows: 

From samples collected on 

, BXI. April 22, 8 a. m. to 4 p. m. Weir B. 

, AXIL April 22, 8 a. m. to 4 p. m. Weir A. 

AIII. April 21, 1 to 4 p. m. Weir A. 

AIV. April 21, 4 p. m. to Apr. 22, 8 a. m. Weir A. 

BI. April 20, 12 noon to 8 p. m. Weir B. 

BII. April 20, 8 p. m. to Apr. 21, 8 a. m. Weir B. 

5. The present catch-basin, is capable of slightly improved 
operation. 

a. The plug outlet valve should be kept closed. 

b. The basin should be cleaned very frequently to prevent 
putrefaction. V 
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c. The screens should be built in duplicate, with a trash 

basket at the bottom. ■" 

d. ■ Distribution may be improved by a baffle at the inlet 

end. 
6. In remodeling the present grease skimmers, a basin easier to 
dean can be devised, — with a false bottom. If graded sand, covered 
with sawdust or an inert substance like cocoanut fibre matting be 
used, this can be scraped and the fresh sludge removed more cheaply 
than by the present method of hand bailing. Duplicate basins are 
advisable. 
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APPENDIX XIII. 



Report of Tests on Plant of 

INDEPENDENT PACKING CO. 

July 11 and 12, 1911. 

DESCRIPTION. This plant is at Halsted and 41st streets, out- 
side the yards, in size and operations being similar to the Pfaelzer 
plant. Cattle, calves, sheep and hogs are slaughtered. Dressed and 
smoked meats, lard, grease, tripe, sausage and commercial fertilizer 
are prepared for market. 

OPERATION. The blood" is coagulated, filtered, and used in 
fertilizer. Offal and scraps are rendered for grease. All tank water 
goes to the tank water basins and is finally evaporated. Solids are 
pressed, dried and ground for tankage, to be used for fertilizer filler. 
Pen and paunch manure are both shipped out, the paunch manure 
being first pressed. The operations here closely resemble those at 
the Hammond plant. About 200 men are employed. 

CATCH BASIN. The entire flow of the plant, except that from 
the tank room, goes to the sewer through a catch basin built of rein- 
forced concrete 60 ft. long by 9 ft. 10 in. wide, with a nominal flow 
depth of about 3 ft. 10 in. (table 147). There are four sets of 
baffles, each set consisting of one under- and one over-flow baffle, 
15 in. apart. The underflow baffles are of concrete, and extend to 6 
in. above the floor of the basin. The overflow baffles are made up 
of 2 in. planks dropped into guides formed of channel irons set in 
the concrete walls, and are 3 ft. 3 in. high. 

The flow enters through a 12 in. pipe at a comer of the influent 
end, and flows under a wooden baffle built across this corner. At the 
effluent end there is a plank scum board extending across the tank 
and 15 in. from the end. The effluent is taken off by a 12 in. tile at 
the surface. 

TABLE 147. 

ELEMENTS OF CATCH BASIN. 

Capacity, 2260 Cu. Ft. 

Max. Velocity- 
Flow, Nominal Period Av. Velocity, (Under BafSe) 
0. f. p. s. in Hours. Ft. per Min. Ft. per Min. 

0.25 2.5 0.4 3.1 

0.50 1.26 0.8 6.2 

0.75 0.84 1.2 9.3 
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GREASE COOKING TANKS. All the water from the tank 
room goes to a sump to be pumped to six grease cooking tanks, 
similar to those at the Hammond plant, built of reinforced concrete, 
8 ft. by 12 ft. in plan, and 8 ft. deep. The tank water is settled, 
while the grease is skimmed oflf, the liquid being drained out and 
evaporated, the solids cleaned out, pressed and dried for fertilizer. 

WEIR. A weir, 4 ft. long, with end contractions, was built on 
the last overflow baffle of the catch basin. Readings were taken 
from 10 :20 a. m. to 6 p. m., July 11th, and from 10 a. m. to 4 p. m., 
July 12th. The maximum flow was 0.55, the minimum 0.20 cu. ft. 
per sec. 

ANALYSIS. For the purpose of analyses a composite sample 
was made up for each day, in accordance with the flow for the indi- 
vidual samples (table 148). 

The analyses of comparative samples taken over a period of two 
hours show an increase in suspended matter from 14 to 15 per 
cent, probably because the tank was septic, with sludge bqiling up 
and passing over the effluent baffle. 

SETTLING EXPERIMENT. Settling experiments, made with 
the effluent of the catch basin in a 500 c. e. cylinder, showed that 60 
per cent, of the total suspended solids settle out in one hour under 
quiescent conditions. 
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APPENDIX XIV. 



Report of Tests at Plant of 

LIBBT, McNeill & LIBBT. 

July 17 and 18, 1911. 

GENBKAL. Libby, McNeill & Libby do no slaughtering, but buy 
fresh meats from Swift & Co. for canning purposes, preparing the 
same in their own cutting, refrigerating and tank rooms. All kinds 
of cooked specialties are manufactured, such as canned meats, ex- 
tracts, etc., at the plant on 40th street. Two blocks north is a 
pickle factory and warehouse, where vegetables and fruits are 
preserved or pickled. This house was not tested. 

SEWERAGE. The entire flow from the main plant, except the 
office and toilets, drains into, the Swift 40th street sewer. The flow 
from the pickle factory and warehouse goes direct to the river by 
way of the small sewer on Packers avenue. 

The meat canning house is drained by two systems, one taking 
all the cooking water and the other the wash water, condenser and 
boiler room water. The flow of the former was measured and 
sampled. 



• 


TABLE 149. 

NOMINAL ELEMENTS OF CATCH BASIN. 
Capacity, 450 cu. ft. 




Flow 
c. f. p. s. 


Period in Basin, 
Min. 


Av. Velocity, 
Ft. per Min. 


Max. Velocity, 
Ft. per Min. 


0.20 
0.30 
0.40 


37.5 
25 

, 18.7 


1.3 
2.0 

. 2.7 


2.6 
4.0 
5.4 



TABLE 150. 

FLOW FROM CATCH BASIN OF LIBBY, McNEILL & LIBBY. 
July 17 and 18, 1911. 



Swift 40tli St. 
Jidy. Time. Catch Basin, £)utlet, 

c. f. p. s. t. f . p. s. 

17 11 to 12 M. 
12 to 2 p.m. 

2 to 4 p. m. 

18 8 to 10 a. m. 
10 to 12 M. 
12 to 2 p. m. 

2 to 4 p. m. 



0.47 


2.57 


0.41 


2.78 


0.41 


3.08 


0.28 


■ 2.80 


0.36 


3.08 


0.47 


2.80 


0.47 


2.92 
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The water from the cooking vats enters a receiving tank, 40 ft. 
long by 5 ft. wide, 4 ft. deep. The grease rises to the surface and is 
skimmed off. There are scum boards, but no flow baffles. The 
effluent passes on a wooden trough to a grease skimming basin about 
20 ft. long by 6 ft. wide, 2 ft. deep, provided with scum boards. The 
flow then enters the main catch basin, 50 ft. long by 4^ ft. wide, 
with a water depth of about 2 ft., baffled at top and bottom every 
i ft. The baffles are arranged in sets, the overflow baffle being be- 
tween two underflow baffles which are about 15 in. apart. The under- 
flow baffles are raised 1 ft. off the floor. Normally the overflow 
baffles come just below the surface (table 149); 

A weir 4.5 ft. long, without end contractions, was built on one 
of the overflow baffles. Readings (table 150) and samples (table 
151) were taken for two days during the working hours only. The 
samples were collected from the outlet of this basin. 

The flow from the condensers and boiler room with the wash 
water, join the main sewer below the catch basin, passing through 
a small basin about 20 ft. long by 6 ft. wide, with a flow depth of 
about 4 ft. This is floored over by a driveway. Below the junction 
of the two mains there are two so-called grease traps — ^really man- 
holes — about 4 ft. square. The total flow was not measured. 
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APPENDIX XV. 

Report of Tests at Plant of 
MILLER & HART. 
June 19 to 21, 1911. 

DESCRIPTION. This is tne of the smaller packing houses, 
doing only a fresh pork business. No meat is smoked or pickled. 
The usual killis about 3,000 hogs per week from noon to 4 p. m., 
no killing being done on Monday or Thursday. The solid tankage, 
including the sludge from the catch basin, is sold to fertilizer manu- 
facturers, without further treatment, as No. 1 Tankage. As there 
are no evaporators, the tank water discharges into the catch basin. 
The grease skimmed from the basin is rendered and sold as inedible 
grease ; 80 meii are employed. 

SEWERAGE. The main flow is through the catch basin. Be- '' 
sides the tank water, this receives all the flow from the killing 
floors, wash and floor water, and most of the blood. The overflow 
from the reservoir, ice-machine and vacuum pumps empties into the 
street sewer just above the catch basin outlet. Samples of this flow 
show a clear water. The toilets and scald water have an outlet below 
the catch basin. The scald water vat holds about 20,000 gallons, 
and is emptied once a day. 

CATCH BASIN. The catch basin is built of reinforced con- 
crete, 45 ft. over all, 4 ft. 6 in. wide, with a flow depth of 3 ft. 6 in. 
The effluent is discharged by a 12 in. bell siphon, operating in a 
discharge chamber 9 ft. .6 in. long. Separated from the rest of the 
tank by a tight oak partition. This makes the net length of the 
tank 35 ft. (table 152). The inlet of the basin is a 10 in. tile 
pipe discharging at the surface. Two feet from the influent end 
is a concrete overflow baffle, 30 in. high. Two concrete overflow 
baffles are built in the settling portions of the basin, and another 
just beyond the oak partition, all 6 in. thick, with a flow opening of 





TABLE 152. 

ELEMENTS OF CATCH BASIN. 




Flow, 

0. f. p. B. 


Calculated Period 
In Minutes. 


Av. Velocity, 
Ft. per Min. 


Max. Velocity, 
Ft. per Min. 


0.25 
0.50 
1.0 


36 

18 

9 


0.95 
1.90 
3.80 


6.6 
13.3 
26.7 
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6 in. This gives the catch basin an approximate working capacity 
of 540 cu. ft. Through the oak partition two 4-in. pipes discharge 
into the siphon chamber, with inverts 40 in. above the floor of the 
basin. These pipes are fitted at the inlet end with elbows and long 
nipples turned down, so that the flow is from mid-depth, without 
disturbing the surface scum. 

The siphon is of the bell type, with a 12-in. discharge pipe and 
bell 22 in. in diameter by 32 in. deep. The discharge depth varies 
widely from 27 to 42 in., with an average of 3 ft. "While sampling 
at two other inspections, the siphon was not in working order. By 
trial the average interval between discharges, while killing was 
found to be about 10 minutes, making an approximate discharge 
averaging 12.5 cu. ft. per minute, or 0.2 c. f. p. s. This agrees with 
other plants of the same size. During the morning and on days 
when no killing is done, there is practically no flow, so that the 
duration of flow at this rate is probably about 4% hours for four 
days a week. 

Observations made in April give a period of siphon discharge 
as short as 4 minutes, or a maximum flow of about 0.80 c. f. p. s. 
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APPENDIX XVI. 



• Report of Tests on Plant of 

NELSON MORRIS AND CO. 

June 15 to 17, 1911. 

PLANT. Nelson Morris & Co. carry on a typical packing busi- 
ness of the large type, with divided layout, the hog killing plant 
being separate. Hogs, cattle, calves and sheep are killed. Dressed, 
smoked and canned nieats are prepared, besides glue, oleomargarine, 
tripe, soap fats, grease, hair, fertilizer and ammonia. 

SUBDIVISION OF PLANT. The hog houses and allied depart- 
ments are located at Center and Exchange avenues. The beef house 
and allied departments are located between 42d and 44th streets, 
between Loomis street and Ashland avenue. Since the outlets are 
entirely distinct, the plants will be considered separately. 

CAPACITY. The nominal average daily capacity of the house 
is given in head slauglitered, as : 

Cattle 700 

Calves 250 

. Sheep 2,000 

Hogs 1,500 

BEEF DIVISION. 

PLANT. This division comprises the slaughter house for cattle, 
calves and sheep, as well as oleo, tank, tripe, bone and fertilizer 
houses, the glue factory, hair house and ammonia house, and stables. 
There is no wool pullery. 

SLAUGHTERING. The actual daily kill may run as high as,— 

Cattle 1,350 

Calves 500 

Sheep 2,500 

During the test from June 15 to 17 the kill was as follows : 
Animals. June 15. June 16. June 17. 

Cattle 924 499 

Calves 130 

Sheep 2,202 1,162 

BLOOD RENDERING. The blood is collected and dried, being 
sold for fertilizer. All the scraps are rendered, the solid portions 
being pressed and dried, mixed with stick and sold as tankage. The 
liquid from the rendering tanks is evaporated and dried. 
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PENS. There are no pens, except the space reserved for the 
immediate kill. 

PAUNCH MANUEB. The paunch manure from the cattle, 
calves and sheep is said to be saved and dried for filling fertilizer. 
Tanks are provided to settle the heaviest run of paunch manure, 
but much escapes to the sewers, as shown by inspection of the 44th 
street samples. 

AMMONIA HOUSE. Ammonia is made from gas-house liquor 
and scraps. The waste liquid is very high in suspended matter, re- 
ceiving practically no settling. The flow is small compared with 
the other houses, and is stated to average 40,000 gallons a week, or 
about 10,000 gallons a day. 

SEWER SYSTEM. This part of the Morris & Co. plant has two 
main outlets, one to the south through a 36-inch brick sewer on 44th 
street into Ashland avenue, the other on 42d street into Swift's 
42d street sewer, thence into Ashland avenue. 

System I. The 36-in. brick sewer on 44th street receives the out- 
flow and wash water from the killing floors, fertilizer condenser 
water, ice and refrigerator plants, pens, pauncK manure overflow, 
bone, glue and hair houses and stables. On this sewer proper there 
are no catch basins. A few skimming vats are located inside the 
buildings. 

System II. The waste waters containing grease are gathered 
together in this line, including the waste from the oleo and but- 
terine factories, the tank rooms, trimming and cutting floors, and 
the killing floors. The outlet is through the grease skimming basin 
and catch basin, into the 42d street sewer. 

MINOR OUTLETS. In addition to the main sewers there are 
three smaller ones, all emptying into the 42d street main, including 
the drain from the ammonia plant, a 12-in. box sewer from the office 
toilets, and a small tile sewer from the toilets in the general office 
and from the loading dock. Both the latter also receive storm water. 
During the time of the test the flow was very small. 

The sewer from the main office toilets empties into a catch basin 
which is very stagnant, being practically an open septic tank. There 
are two 1-in. wire screens at the outlet end, but on account of the 
small flow they are of little use except at time of rain. The basin 
is of wood, 40 ft. long by 4 ft. wide inside with a nominal flow depth 
of 3 ft., cross-baffled every 8 ft. The sludge is finely divided, being 
gray in color. 

GREASE SKIMMER AND CATCH BASIN. The main portion 
of the flow, rich in fats, enters a grease skimming basin 4 ft. wide by 
90 ft. long, approximately 4 ft. flow depth, provided with 12 surface 
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baffles cut off 10 in. above the bottom. These hold back the grease. 
The inlet from the butterine factory is at the middle of this basin. 
The outflow enters the main catch basin, about 88 ft. long by 14 ft. 
wide, inside dimensions, with a nominal flow depth of 4 ft. It is 
divided into two long compartments , each provided with surface 
baffles about every 6 ft. extending down to 8 in. above the bottom. 
Directly adjacent is a bottom baffle 22 in. high. Both the grease 
'skimmer and the catch basin are skimmed, the solid matter on the 
bottom being removed daily by buckets. The outlet is provided 
with three screens, counterbalanced and locked down, each of V^ in. 
mesh. 

OPERATION. During the operation of the plant one man is 
kept busy skimming greasfe on the long basin, and one at the catch 
basin. 

WEIR. The weir was built just outside the screen farthest 
downstream. The crest was. 24 in. wide, 4 ft. 4 in. above the bottom 
of the basin, with two end contractions. 

PERIOD IN CATCH DASIN. The catch basin flow is not dis- 
turbed by condenser pumping. The nominal period may be calcu- 
lated from the flow over the outlet weir (table lS4). 

TABLE 154. 

ELEMENTS OF CATCH BASIN. 



Plow, 
Cu. Ft.' 
per Sec. 



Calculated 

Time in Basin, 

Minutes. 



Calculated 

Average Velocity, 

Ft. per Min. 



Calculated 

Maximun Velocity, 

Ft. per Min. , 



0.25 


365 


0.50 


185 


0,75 


125 


1.00 


95 


1.5 


65 


2.0 


49 



0.5 


2.8 


1.0 


5.6 


1.4 


8.3 


1.8 


11.0 


2.7 


16.5 


3.6 


22.0 



CHEMICAL ANALYSES OF AMMONIA WASTE. 



Paets pee Million. 
Collected Collected 

Description. " June 15. June 16. 

Suspended Matter: 

Total '. 65920 

Volatile 2516 

Fixed 63404 

Oxygen Consumed: 

Total 1843 

Soluble 1753 

Suspended 90 

Organic Nitrogen 110 

Free Ammonia 98 

Alkalinity. 3790 



105952 

5192 

100760 

5450 

4820 

630 

288 

120 
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AMMONIA HOUSE. The waste contains large amounts of sus- 
pended mineral matter, largely carbonates. Nearly all the oxidiza- 
ble material in solution is sulphides. 

Settling experiments on these samples showed that the matter 
settles very quickly, clearing remarkably in 5 minutes. 500 c. e. 
deposited a volume of settled material of 150 e. c. with a specific 
gravity of 1.21 after 5 hours compacting. The result of the settling, 
test was as follows : 





Description. 


■ Paets 
Before 
Settling. 


PEE 


Million., 

After 
Settling. 


Suspended Matter: 
Total 




65920 




118 


Volatile 

Fixed 




2516 

63404 


40 

78 











Based on the amount of sediment by volume from 1% to 2 in. 
of solids in 2 to 9 in. total depth— say 20 to 25 per cent, solids, with 
a discharge of 40,0Q0 gallons per week, a daily discharge of 6,667 
gallons may be estimated, of which 1,333 gallons are solid. This 
is equivalent to 6.61 cu. yds. daily, or on the basis of 300 days a 
year, 1,983 eu. yds. of material in place. Based on an average solid 
content of 86,000 p. p. m., every gallon of liquid would contain 
0.716 lbs. of solid. Hence, in 300 days 1,432,000 lbs. would be dis- 
charged, or 716 tons of dry material, or 1,060. cu. yds. based on a 
weight in place of 100, lbs. per cu. ft. with 50 per cent, moisture. 

FLOW. The flow at the main catch basin is given in table 155, 
calculated from the average of readings taken every 20 minutes : 

TABLE 155. 

FLOW IN MAIN CATCH BASIN. 



June. 



15 



16 



Time. 



12 


to 2 p. m. 


2 


to 4 p. m. 


4 


to 6 p. m. 


6 p. 


m. to 16, 8 "a. m. 


8 


to 10 a. m. 


10 


to 12 M. 


12 


to 2 p. m. 


2 


to 4 p. m. 


4 


to 6 p. m. 


5 p. 


m. to 17, noon 



Flow, Cu. Ft. 
per Sec. 



0.12 

0.86 

1.00 



0.12 

0.96 

1.27 

1.79 

1.75 
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SETTLING EXPERIMENT. A test made on the average sample 
collected between 12 and 2 p. m. on June 15tli, showed the following 
reduction of suspended matter in 2 hours : 

Parts peb Million. 

Before After Percentage 

Description. Settling. Settling. Reduction. 

Suspended Matter: 

Total 404 300 26 

Volatile 360 272 24 

Fixed 44 28 36 

HOG HOUSE. 

PLANT. The business carried on is the killing, dressing and 
curing of pork, as well as the preparation of by-products, such as the 
rendering of grease and lard. 

The capacity is 1,500 hogs daily on the yearly average, with a 
maximum kill of 5,000. During the .test, June 13 to 15, the kill was 

as follows : 

Date. Hogs. 

June 13 2,902 

" 14 841 

" 15 2,058 

SEWEEAGB SYSTEM. The plant is drained by three lines of 
, sewersi One receives the toilets, discharging direct to the Exchange 
avenue sewer. The other two conduct the waste into the last catch 
basin, where the sewage was sampled before entering the Exchange 
avenue sewer. Subsidiary grease skimming basins are provided on 
each line, 5 on one and 1 on the other. 

CATCH* BASIN. The catch basin at the hog house is built of 
wood, 26.5 ft. long by 4 ft. wide, with a nominal flow depth of 2.25 
feet. During the test the flow depth averaged about 3 ft., as the 
crest of the weir was 2 ft. 11 in. above the bottom of the basin. The 
weir was 3 ft. wide with 2 end contractions. There are 6 baffles 
equally spaced, extending down to about 6 in. above the bottom; 3 
screens are provided al; the outlet, one of %-in. mesh, and two of 
3^-in. mesh. During the period of the test the larger mesh screens 
were in front of the small mesh. 

CLEANING SCREENS, During the test the screens were 
cleaned twice a day by lifting one at a time. The matter coUected 
was dumped on the ground and carted away to the tank room. The 
amount was small. There was considerable leakage around the 
screens, large chunks of material appearing below, apparently larger 
than the mesh of the screen. 
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PERIOD IN CATCH BASIN. The flow in the final catch basin is 
rapid, and undisturbed by any pumping. The nominal period may be 
calculated from the flow over the outlet weir (table 158). 





TABLE 158. 

ELEMENTS OF CATCH BASIN. 




Flow, 
Cu. Ft. 
per Sec. 


Calculated 

Time in Basin, 

Min. Sec. 


Calculated 

Average Velocity 

Ft. per Min. 


Ca,lc\ilated 

Maximum Velocity, 

Ft. per Min. 


.0.50 
1.00 
1.50 
2.00 


10—48 
5—33 
3—47 
2—53 


2.5 
4.8 
7.0 
9.2 


15 
30 

45 
60 



MANURE. Most of the manure is saved. The hog paunch ma- 
nure is used for filler in fertilizer, being separated and pressed, but a 
deal escapes to the catch basin by the overfiow. 

FLOWS. The flow at the hog house is given in table 159, being 
calculated from average readings taken every 20 minutes. The maxi- 
mum average flow is 1.23 cu. ft. per second. At no time was a zero 
flow observed. 

TABLE 159. 

FLOW OF HOG HOUSE, MORRIS AND CO. 







Flow, Cu. Ft. 


June. 


Time. 


per Sec. 


13 


12 to 2 p.m. 


1.02 


Tuesday 


2 to 4 p. m. 


1.09 




4 to 8 p. m. 


0.69 




8 to 12 Mdt. 


0.36 


14 


12 to 4 a. m. 


Not taken 


Wednesday 


4 to 8 a. m. 


Not taken 




8 to 10 a. m. 


0.89 




10 to 12 M. 


1.08 , 




12 to 2 p. m. 


1.23 




2 to 4 p. m. 


0.89 




4 to 8 p. m. 


0.58 




8 to 12 Mdt. 


0.31 


15 


12 to 4 a.m. 


0.22 


Thursday 


4 to 8 a. m. 


0.47 




8 to 10 a. m. 


0.95 




10 to 12 M. 


0.95 




12 to 2 p.m. 


0.95 




2 to 4 p. m. 


0.95 



SAMPLES. Small portions were collected every 20 minutes day 
and night. From 8 a. m. to 4 p. m., about 500 c. c. was collected every 
20 minutes, and averaged every 2 hours. From 4 p. m. to 8 a. m. 
about 250 c. c. was collected every 20 minutes, and averaged every 4 



283 









>> 














ooooo • 








a 


?S^^S§S! : 








< 


" 








ce 










■fH 












a; 
V o 


SS^"=^'*'* 








EQ 




CO fl in CO 1-1 zo 








^ 


pR S 










g 


•< 






















s 


o fl 










.■a 












^ 


11 


"-1 ■* i-H ec. 


8 










=8 






1 








■^1 


CO 00O5O5 lot* 


O 




1 


■g 


s. 




S 




g 


i 








1 








1 


Sg-^ CO OiO(N 


o 




g 


S) 








fe- 






i 




^ 


o 


-3 


tO«(N00 00t~ 


1-) 








^ssjgag 


g§ 


en 








U3 












tH 










TABLE 

FLOW 


CO 








S^SSJ^g 


1 




t^ 


r-li-H i-H 


B 




1 




S 




5 


"-5 




(^ 

^ 


1 


S SS ;S! SS £- JS 

O CQ OQ CO t^ lO 
OSr-t.OOCO 00 


O 






1 


S 






S 


f> 




GQ 






1 






>^ 




1 






1 


SF2S^SS3 








o 


OSt-iOt* o 








B 


1— 1 »— I 


iJ 












<! 








O 






CQ 












|> 




fe^ggSSg 








[i,.^ 

O 




doT-iooo 


o 










s . a a ^ a 
















*s d 












o 5 










^o 




o P.03 p,a IS 






















^00 00-* P.00 












00 
d CO CO ■*■*■* to 

3 1— 1 T— 1 t— t tH T— 1 *-( 






i 










CS 










ft 


» 


- 



284 



hours. Composite samples were made up in the laboratory, based on 
the average flow, and grouped in accordance with the flow and phys- 
ical appearance of the field samples. 

ANALYSES. The results of the analyses of the composite sam- 
ples are given in table 160. 

SETTLING EXPERIMENTS. A fresh sample was collected on 
June 19th for experiment, under quiescent conditions. The amount 
of sludge collecting at the bottom of the glass indicated that practic- 
ally all the settling suspended matter came down in the first hour. 

TABLE 161. 

REDUCTION OF SUSPENDED MATTER. 





Pakts per Million. 




Dbsoeiption. ' 


Before 

Settling. 


After 
Settling. 


Percentage 
Reduction. 


Total 


1264 

1060 

204 


468 

408 

60 


63 


Volatile 


62 


Fixed 


71 



PEEIOD IN BASIN. The calculated period in the present final 
basin is around 5 minutes, and the actual period much shorter, so 
that practically no settling occurs. The baffles are likewise so placed 
that settlings are swept along and out. 

SCREENS. The usefulness of the present screens is practically 
nil. 

Spaces of one inch or more in each side of the screen slides, and 
underneath, allow any large solid matter to pass. Chunks of fiesh, 
hide, hair, etc., are visible plainly in the fiow to the sewer below 
the screens. These are not included -in the chemical analysis. 
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APPENDIX XVII. 



Report of Tests on Plant of 

NORTHWESTERN GLUE COMPANY. 

June 22 and 23, 1911. 

PLANT. The Northwestern Glue Co. manufactures glue, white 
and brown grease, inedible tallow and neatsfoot oil, selling the solid 
tankage to fertilizer manufacturers. No killing is 'done. Fresh 
stock, scraps, bones, hoofs, etc., are bought from the various pack- 
ing houses. The sewage consists largely of wash water, the over- 
flow and liquid from the cooking vats, with a deal of condenser wa- 
ter. The tank water is said to be evaporated. 

CATCH BASINS. There are two timber catch basins one 13 ft. 
long by 7 ft. wide inside, with a flow depth of 3% ft. and a longi- 
tudinal baffle, on each side of which are 4 sets of under and over- 
flow baffles, making a total of nine sets, including the one at the 
end of the longitudinal baffle. There are no screens. The effluent 
enters a second basin 14 ft. long by 6 ft. wide, having a maximum 
depth of only 12 in. This has four sets of baffles, which act merely 
as scum-boards. Below this basin, along the sewer, are two so-called 
catch basins, or clean-out manholes, 6 ft. square, with a flow depth 
of 12 in. 

WEIR AND SAMPLES. A 2-ft. weir with end contractions 
was built on the overflow baffle at the effluent end of the first basin. 
Readings were taken every 20 minutes, the samples being taken each 
time at the last clean-out manhole (table 163). 

PERIOD IN BASIN. The settling period in, the first catch basin 
may be calculated from the flow over the weir. 

The maximum velocity is taken as the velocity under one of 
the underflow baffles, with its lower edge raised 4 in. off the floor. 

ANALYSES. Composite samples were made in the laboratory 
for each day. 





TABLE 162. 

NOMINAL ELEMENTS OF CATCH BASIN. 
Capacity, 317 Cu. Ft. 




• Mow, 
c. f . p. s. 


Period in Basin, 
Min. 


Av. Velocity, 
Ft. per Min. 


Max. Velocity, 
Ft. per Min. 


' 0.10 

0.20 

. 0.30 


53 

26.5 

17.6 


0.49 
0.98 
1.47 


5.2 
10.4 
15.6 
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APPENDIX XVIII. 



Report of Tests at Plant of 

PEOPLES PACKING COMPANY. 

June 26, 1911. 

PLANT. The Peoples (or Inland) Packing Co., located at 1546 
W. 47th street, slaughter about 100 hogs daily. The principal busi- 
ness is cooked specialties, such as boiled hams, loin rolls, etc. All 
paunches are sold whole. No blood is saved. Casings are cleaned 
and packed. All scraps are rendered for grease. Lard is prepared. 
All solid tankage is sold, the liquid portion going to the catch basin. 

CATCH BASIN. The wooden catch basin, 16 ft. long by 4 ft. 
wide, with a flow depth of about 3i/^ ft., is not provided with screens 
and was in a very filthy condition. During the morning there is 
practically no flow. 

READINGS AND SAMPLES. Between noon and 4 p. m. the 
water meter was read, samples being collected from the outlet of 
the catch basin (table 164). 

SETTLING EXPERIMENTS. Settling experiments with the 
effluent of the catch basin show that nearly 75 per cent, of the total 
suspended solids deposit in 1 hour, under quiescent conditions. 
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APPENDIX XIX. 

Report of Tests on Plant of 

LOUIS PFABLZEE AND SONS. 

June 27 and 28, 191l'. 

PLANT. The Pfaelzer plant is outside the yards ( at Halsted 

and 40th streets. A general packing business is carried on, handling 

fresh and. smoked meats, lard, grease, oleo stock and f ert^izer. The 

plant is new, built in 1910, and is housed in one building. About 

eighty men are employed. 

CAPACITY. The nominal daily capacity was given as— 

Cattle ■ 200 

Sheep 200 

Calves 20 

Hogs 150 

BLOOD, EENDERING, ETC. The blood is collected, coagu- 
lated and filtered, the solid part being used in the fertilizer and the 
liquid being run into the catch basin without Evaporating. All 
scraps of fat, offal, etc., are rendered. The solid tankage is pressed 
and dried, but the liquor is not saved. All casings are cleaned and 
packed, but no sausage is made. There is a smoke house, but no 
tripe room. 

MANUEE. All pen and' paunch manure is shipped out. The 
paunch manure is pressed, the water from the press going to the 
catch basin. 

CATCH BASIN. Except for human sewage, all the waste, in- 
cluding the floor and wash water from the killing and cutting floors 
and tank rooms, scald water, paunch manure overflow, part of the 
blood, and the condenser water, goes to the catch basin. This is 
concrete, built in the basement of the building, "U" shaped in plan, 
with a walk between the two parts. The inside dimensions of each 

TABLE 165. 

NOMINAL ELEMENTS OF CATCH BASIN. 
Capacity, 860 Cu. Ft. 

Flow, Period in Basin, Av. Velocity, 

c. f . p. s. . Min. Ft. per Min. 

0.10 ' 143 .52 

0.20 , 72 1.04 

0.30 ' 48 1.56 



290 



UJ 

-I 
ea 








>> 






."S 






[c 


^i 




^ 


o 




d 






.1-1 






(D g 






gj O 




i 


<! 




S 






O Ch 




■*^ 






g 


II 




, "^ 


B 

g 




^1 


T3 

^ 


p< 








H 




§ 






« 


_3 
'o 


»< 




CO 


i 


^. 






<! 
P^ 


o 


3 

^ 






■t3 






01 






i< 










t^ 


E 




(U 






S 






ts 






§ 






■s 


:§ 




-d 


'o 






> 
















S 






1 


O 

H 




> M 






1- 






S-: 






o 






■« d 






o o 






TS-43 






o u 






•X a 






fea 






t^6 






s 






ea 


I 







1' 



if 



^3 

i-HIN 



g?5 



;$8S 



-S S5? 



SB 

da 

ooo 



i^g^ 



291 

half are, length 39 ft. 6 in., width 3 ft. 6 in., and flow depth 3 ft. 
The total length of flow is 82 ft. There are no screens. The effluent 
flows over a tight wooden baffle across the end, out through an 8-in. 
tile in the floor, which empties into the Halsted street sewer. There 
are scum-boards extending a few inches below the surface. As the 
bagin is entirely in-doors the temperature is at all times very high. 

EEADINGS AND SAMPLES. A 3-ft. weir, with end contrac- 
tions, was built on the effluent baffle. Samples and readings were 
taken at 20-minute intervals during the day hours on June 27th and 
28th. 

ANALYSES. In the laboratory, composite samples were made 
up for each day (table 166). No settling experiments were made. 
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APPENDIX XX. 



Report of Tests at Plant of 
SIEGEL-HECHINGER. 

July 19 and. 20, 1911. 

PLANT. In the Siegel-Heehinger plant, located at 38tli place 
and Gage street, about 600 head of cattle and 200 calves are slaugh- 
tered weekly and dressed for the local trade. The only by-products 
manufactured are inedible tallow and tankage, which is sold green. 
No evaporator is used, the tank liquid going direct to the catch basin. 
The blood is collected and sold after being cooked. All the wash 
and floor water, bile, etc., goes to the catch basin. The cattle 
paunches are ripped open and the manure sent through a chute to a 
wooden tank over the catch basin where the water is allowed to drain 
off. The manure is then hauled away. 

CATCH BASIN. The catch basin is built of concrete, 34 ft. 
long by 4% ft. wide, with a nominal flow depth of 27 in. Spaced 
about 6 ft. apart are scum boards, and wooden overflow baffles 24 in. 
high. There are no screens. 

WEIR AND SAMPLES. A weir 2 ft. long, with 2 end con- 
tractions, was built on an overflow baffle (table 167). Readings and 
samples were taken during two working days, the samples being 
collected from a small manhole just below the basin (table 168). 
The sewage flows into the 35th street sewer. 

SETTLING EXPERIMENTS. In settling experiments on the 
effluent of the catch basin 70 per cent, of the total suspended solids 
settled out in oile hour under quiescent conditions. 





TABLE 167. 

NOMINAL ELEMENTS OF CATCH BASIN. 




Plow, 
c. f. p. s, 


Period in Basin, 
Min. 


Av. Velocity, 
Ft. per Min. 




0.05 
0,10 
0.20 


115.0 
56.7 
28.7 


0.30 
0.59 
LIB 
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APPENDIX XXI. 



Report of Tests at Plant of 

STANDARD SLAUGHTERING CO. 

(Eli Pfaelzer.) 

July 13 and 14, 1911. 

PLANT. In the Standard Slaughtering Co. plant at 40th and 
Butler streets about 600 head of cattle are killed and dressed week- 
ly. No calves, sheep or hogs are handled. All meat is sold fresh. 
The only by-products are grease and tankage, the latter being sold 
green. The blood is cooked and pressed dry, beiag sold to the fer- 
tilizer manufacturers along with the tankage. Both pen and paunch 
manure are shipped. There are no manure presses. 

CATCH BASIN. The so-called catch basin is a large manhole, 
about 8 ft. long by 2% ft. wide, flowing about 24 in. deep. There are 
three overflow ba£3es and scum boards. At the outlet is one ^-in. 
mesh wire screen. 

"WEIR AND SAMPLES. A weir was built on on^ of the bafiBles 
with a crest 1.5 ft. long, with two end contractions. Sainples and 
readings were taken during two working days, the samples being col- 
lected below the scum (table 169). 
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APPENDIX XXII. 



Report of Tests on Plant of 

SULZBEEGEE SONS CO, 

May 12 and 13 and June 29 to July 1, 1911. 

LOCATION. The plant of the Sulzberger Sons Co. is located to 
the west of the Yards and Ashland avenue, lying between Ashland 
avenue and Eobey street, just north of 42d street. 

PLANT. The Sulzberger Sons Co. is a packing house of the 
large type, slaughtering hogs, sheep and cattle, preparing dressed, 
smoked and canned meat, and producing a number of by-products, 
such as oleomargarine, tripe, soap fats, grease and fertilizer. 

SEWEES. The sewerage system of the Sulzberger Co. has two 
separate divisions, one known as the "grease" sewer, the other as 
the "red" sewer. There is a 30-in. outlet to Ashland avenue sewer, 
common to both, and an outlet direct to Bubbly Creek at the west 
of the plant. 

G-EEASE SEWBEAGE SYSTEM. This system drains all the 
slaugh]tering floors, trimming rooms, packing, rendering, oleo, lard 
and sausage departments, as well as the bone house and pork coolers. 
The outflow of the individual departments or floors passes through 
skimming basins. The collective discharge is through a concrete 
catch basin, which empties into the red sewer. 

EED SEWBE. The red sewer receives practically all the sew- 
age not containing grease, including the downspouts, toilets, ware- 
houses, a large proportion of the wash water and water from the con- 
densers and the stock pens. Whenever the stock pens are flushed 
with a hose, a deal of manure reaches the sewer. The water from 
the brine overflows, hide room, casing department and paunch 
manure outflow, as well as the lard, sausage, ham cure and smoke 
house all drain into this system. This system discharges direct into 
Ashland avenue sewer without any treatment. 

CATCH BASIN. The final catch basin at the outlet end of 
.the ' ' grease ' ' sewer is built of reinforced concrete, 8 ft. wide by 100 
ft. long, with a flow depth of about 3 ft., baffled every 10 ft. 8, in. 
with baffles rising 2 ft. 6 in. above the bottom. Up-stream from all 
but the first compartment is a scum board "extending down within 
6 in. of the bottom. Hence surface accumulations are held back, and 
cooled, but all settling particles are swept along through the basin. 



297 

The first two compartments have no screen board, but retain the 
heaviest particles by the bottom boards. 

PUMPING-. The catch basin supplies a condenser pump, which 
draws from the last compartment. As the tests were run in the day- 
time, there was an excess flow over that required by the pump. 
This practice undoubtedly disturbs the catch basin. The pump 
supplies the drier-condensers, the final flow entering the red sewer. 

SCREENS. Prior to April 10, 1911, only one screen of %-in. 
mesh was in place just inside the outlet baffle. The suction of the 
pumps was also protected by screens. A sluice gate on the bottom 
was kept open to allow any accumulation of solid matter to wash out. 
During the test four screens were used, the first three of wire of 
%-in. mesh ; the last built in two halves, one of wire i/4-in. mesh, the 
other of boiler plate with %,-in. openings. The last set alone is pro- 
vided with handles for lifting. At present (1911) they are being 
cleaned with scrapers by two men, the material removed being 
pushed back into the basin. 

WEIRS. For the purpose of the tests, weirs were built at the 
inlet and outlet ends of the basin by placing thin-edged crests on 
the top of the first baffle and the outflow baffle. The first weir was 
without end contractions. Owing to a handle projecting in the mid- 
dle of the second weir, it was considered to have two end contrac- 
tions (table 172). 

ANALYSES. With the large number of samples, only the sus- 
pended matter in individual samples was determined. Weighted by 
the flow, special composite samples were made in the laboratory cov- 
ering typical periods of the test, on which the oxygen consumed was 
determined. 

CATCH BASIN OUTLET. The analyses of suspended matter 
at the outlet of the catch basin show a content somewhat lower than 
the highest found on the preliminary short time test of 1 hour. The 
content of suspended matter averaged from 668 to 1,048 parts per 
million, an amount from 4 to 7 times that in city sewage. Much 
gross material passes through visible to the eye, which is not in- 
eluded in the analysis (table 172). 

RED SEWER OUTLET. The samples collected from the red 
sewer at two different times contained from 844 to 1,224 parts per 
million suspended matter. This sewer is 30 in. diameter, carrying 
a flow probably as great as that in the grease sewer and should cer- 
tainly be settled. This sewer, connected with the paunch manure 
outlet, at times received much material in suspension (table 170). 
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TABLE 170. 

ANALYSIS OF RED SEWER. 

Parts pee Million. 

Determination. May 12, May 13, 

1:10 p.m. 10:30 a.m. 

Suspended Matter: 

Total 1224 844 

Volatile 1120 760 

Fixed '.. 104 84 

Oxygen Consumed: 

Total 335 293 

Dissolved 182 150 

Suspended 153 143 

Chlorine 784 650 

COMPARISON, OF INFLUENT AND EFFLUENT OP CATCH 
BASIN. Average samples, collected during one hour on two occa- 
sions, show little or no improvement in the catch hasin as shown 
below. 

TEST. 11 TO 12 A. M. MAY 12. 

TOTAL FLOW 2.88 CUBIC FEET PER SEC. 

NOMINAL PERIOD 14 MINUTES. 

Result in Parts per Million. 

Determination. Reduction, 

Influent. Effluent. Per Cent. 

Suspended Matter: 

Total 632 696 Increase 

Volatile 592 656 

Fixed 40 40 

Oxygen Consumed: ~ 

Total 310 361 Increase 

Dissolved 216 214 1 

Suspended 94 137 Increase 

CMorine 1580 1610 " 

TEST. 11 TO 12 A. M. MAY 13. 

TOTAL FLOW 2.53 CUBIC FEET PER SEC. 
NOMINAL PERIOD 16 MINUTES. 

Parts per Million. 

Determination. Reduction, 

Influent. Effluent. Per Cent. 

Suspended Matter: 

Total 844 780 8 

Volatile 784 732 7 

Fixed 60 48 20 

Oxygen Consumed: 

Total 363 372 Increase 

Dissolved 274 272 1 

Suspended 89 100 Increase 

CMorine 2166 2016 7 

PERIOD OF PLOW. The period of flow is shown approximately 
by the amounts passing over the inlet weir. 
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TABLE 171. 

HYDRAULIC ELEMENTS OF CATCH BASIN. 





Calculated 


Calculated 


Calculated 


Flow, 


Time in Basin, 


Average Velocity, 


Maximum Velocity, 


Cu. Ft. per Sec. 


Min. 


Ft. 


per Mm. 


Ft. per Min. 


0.5 


77 




1.3 


7.5 


1.0 


39 




2.6 


15. 


1.5 


26 




3.8 


22.5 


2.0 


20 




5.0 


30. 


2.5 


16 




6.2 


37.5 


3.0 


14 




7.4 


45. 


3.5 


12 




8.5 


52.5 


4.0 


10 




9.7 


60. 



The calculated maximum velocity is figured on the velocity un- 
derneath a scum board, with the bottom edge raised 6 in. off the 
bottom (table 171). These high velocities explain why the deposits 
wash through and out. 

The actual period of flow was tested by dye on May 16th. The 
color was strong at the outlet after 6% min. The actual period of 
flow is usually less than the calculated period, because of the diffi- 
culty of obtaining complete displacement. The calculated periods in 
the catch basin average from 12 to 16 minutes, and are too short for 
proper settling, particularly with the high velocities. 

TABLE 172. 

SULZBERGER SONS CO. 
Tests on May 12 and 13, 1911. 



Outlet Weie. 



Inlet Weik. 



May. 



Time 

of 

Sampling. 



Flow, 
Cu. Ft. 
per Sec. 



Suspended 
Matter. 

Parts per 
Million. 



Flow, 
Cu. Ft. 
per Sec. 



12 



13 



10 to 11 a. m. 


1.36 


808 


2.64 


11 to 12 Noon 


1.52 


696 


2.88 


12 to 1p.m. 


1.52 


692 


2.48 


1 to 2 p. m. 


2.32 


668 


2.64 


2 to 4 p.m. 


2.48 


716 


3.04 


4 to 6 p. m. 


1.95 


664 


Submerged 


6 to 8 p.m. 


2.61 


888 


3.32 


8 to 9 a.m. 


1.32 


772 


2.46 


9 to 10 a. m. 


1.49 


924 


2.67 


10 to 11 a. m. 


1.92 


884 


2.51 


11 to 12 Noon 


2.07 


780 


2.53 


12 to 1p.m. 


1.70 


776 


2.25 


1 to 2 p. m. 


2.21 


712 


2.81 


2 to 4 p.m. 


2.03 


1048 


2.53 
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CATCH BASIN SLUDGE. A sample of the deposit col- 
lected from the catch basin on May; 13, at 10 a. m., had a black color 
with a putrid odor. The analysis shows a liquid sludge, very high 
in volatile matter, containing some organic nitrogen and fat, much 
higher than in typical sludge from city sewage. 

SLUDGE ANALYSIS. 

Color : Black. 

Odor: Putrid. 

Specific Gravity: 1.03. 

Moisture : 83.2 per cent. 

Calculated to dry weight : Percent. 

Volatile matter 87.5 

Fixed matter 12.5 

Nitrogen ; 3.6 

Fat 5.7 

SETTLING EXPERIMENTS. Experiments on settling the ef- 
fluent in a 500 c. c. cylinder show that from 22 to 49. per cent, of the 
effluent of the present catch basin settles out in 1 hour, under quies- 
cent conditions, and that 60 per cent, of the effluent of the "red" 
sewer settles out in 1 hour under quiescent conditions (table 173). 

Second Test. 
June 29 to July 1, 1911. 

FIELD WORK. The second test was made from 8 a. m., June 
29, to 8 a. m., July 1, with two weirs, one on the outlet baffle of the 
catch basin, bei^g weir "A" of the previous test, and one ia the 
last manhole on the "Red" sewer line. As the condensing water 
pump in the catch bagin was not run during the test, no influent 
weir was necessary. The weir in the "Red" sewer was made 20 in. 
wide with two end contractions, the crest being 13^-in. above the 
sewer invert (table 174). 

GREASE SKIMMING TANKS. On the grease sewer, back of 
the main catch basin, are nine grease skimming tanks besides the 
old "general receiving basin." All are timber, 5 ft. wide, with a 
flow depth of 2 ft. 6 in., baffled with scum boards. The receiving 
basin is 75 ft long. The grease tanks have lengths, respectively, 
from the back of the receiving basin of 28I/2 ft., 30 ft., 30 ft., 40 ft., 
40 ft., 30 ft., 29 ft., 31 ft., and 30 ft. 

1,800 to 2,000 men are employed at the plant. All human sewage 
enters the "Red" sewer. 
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TABLE 173. 

SULZBERGER SONS CO. 
Settling Experiments in 500 o. c. Cylinders. 

Parts pee Million. 

Sample. ' 

AI. All. AIII. RI. 

ORIGINAL— 

Suspended Matter: 

Total 696 952 692 860 

Volatile 636 856 628 776 

Fixed 60 96 64 84 

Oxyeen Consumed: 

-rStal 363 359 266 345 

Dissolved : 277 276 183 158 

Suspended 86 83 83 187 

SETTLED LIQUID— 

Suspended Matter: 

Total 412 482 542 352 

VolatUe 380 438 482 320 

Fixed 32 44 60 32 

Oxygen Consumed: ' 

Total 351 347 261 258 

Dissolved...' 277 276 , 183 158 

Suspended 74 71 78 100 

PERCENTAGE REDUCTION BY 1 HOUR QUIESCENT SETTLING— 
Suspended Matter: ^^ ^^ ^^ ^^ 

voMie;::::;:;:::::::::::.... i^ tl 'l H 

Fixed 47 54 6 62 

°S.':°.'!'.''"'^.:...; 3.3 3.4 1.9 25 

Dissolved ■■ ••• •■■ •■• 

Suspended 14 15 6 47 

Note. Composite samples are made up as follows: 
AI. From samples collected between 10 a. m. and 8 p. m. May 12, Outlet of Catch 

Basin. 
All. From samples collected between 8 a. m. and 4 p. m. May 13, Outlet of Catch 

Basin. 
AIII. Sample collected between 12 and 1 p. m. May 12, outlet of catch basin. 
RI. From samples collected from "Red" sewer May 12 and 13. 
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APPENDIX XXIII. 



Report of Tests Made at Plant of 

SWIFT AND COMPANY. 

June 6 to 10, 1911. 

LOCATION. The plant of Swift & Co., with the exception of 
the hog house and the general office, is located -jpest of Packers ave- 
nue, between 40th and 42d streets. The hog plant and allied depart- 
ments are between Packers and Center avenues, just east of the main 
plant. I 

PLANT. In this plant, slaughtering and packing are conducted 
on a large scale. Cattle, calves, sheep and hogs are killed and pre- 
pared as dressed and smoked meats. The by-products are lard, 
grease, butterine, soap fats and soap, glue, tripe and fertilizer. A 
hair factory and a wool pulling and scouring plant are also oper- 
ated. In the bone house hard and steam bone are prepared, hard 
bone being sold to the button manufacturers, and steam bone utilized 
in fertilizer. No canning is done here. 

There are two cattle houses, the "north" and "east" houses, 
where slaughtering, and the preparing of dressed meats, is carried on 
independently. 

In general. Packers avenue is the dividing line of the sewer 
system, the houses to the west sewering to Ashland avenue, and those 
on the east side to Center avenue. 

CAPACITY. The nominal daily capacity was given as fol- 
lows : 

Cattle, (North and East Houses) 2,000 

Calves 200 

Sheep 3,000 

Hogs 3,000 

SLAUGHTERING. During the test from June 6th to 10th, the 
kiU was as indicated on the following page. 

BLOOD, RENDERING, ETC. The blood is collected, coagu- 
lated and filtered, the solid portion being used with the tank room 
solids (tankage) for fertilizer filler. The liquid portion is evapo- 
rated and the residue dried for "stick." 

All scraps, offal and condemned animals, together with the 
skimming and collected sediment from the various catch basins are 
rendered for grease. The solid tankage left is pressed and dried for 
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ACTUAL KILL AT SWIFT & CO. PLANT DURING TEST, JUNE 6 TO 10, 1911. 

June 6 7 8 9 10 

Cattle, East House 854 413 836 492 242 

North House 823 428 829 484 

Calves, East Souse 617 623 423 149 

North House 215 385 122 

Sheep, East House , 2504 2322 i 2916 3463 3203 

North House.... 2705 2365 3137 3631 3205 

Hogs . 2939 2634 4280 2442 4075 

fertilizer filler, the liquid being evaporated and the residue used as 
"stick." 

MANURE. All pen manure is said to be swept up, collected and 
shipped out, to be used as fertilizer, without further treatment. 
Cattle and calf paunch manure is burned or shipped out for fertilizer. 
Sheep paunch manure is dried and sold as fertilizer. Hog paunch 
manure is shipped out. Paunch manure is separated and pressed, 
but a deal reaches the sewers, being especially noticeable in the 
40th street sewer, where two or three men are kept busy all the 
time cleaning paunch manure from the catch basin. As only a 
part of the flow of this sewer is diverted to the catch basin, a large 
quantity of manure enters the Ashland avenue sewer 

SEWERAGE SYSTEM. The Swift & Co. plant has five sewer 
outlets ; 40th and 42d streets to Ashland avenue ; Packers avenue to 
the river ; and 41st and 42d streets to Center avenue. The 40th street, 
Packers avenue and the 41st street lines are interconnected, for in- 
terchangeable diversion, but the connecting lines are probably too 
small to divert the entire flow of any one sewer. Most of the sewers 
are old, and small. The two to Ashland avenue, especially, are in- 
adequate during heavy rains. 

For the test, each of the lines was weired to measure the total 
flow as far as possible. Readings and samples were taken at each 
weir, and at certain other points. The sampling points were desig- 
nated A, B, C, D, E, P and G, and are described in that order. 
"A"— 40TH STREET TO ASHLAND AVENUE. 

DESCRIPTION. The main sewer is a 20-in. tile pipe, emptying 
into the Ashland avenue sewer at 40th street. The departments 
drained are : 

North Beef House, 

Barns, 

Shops, machine, paint, carpenters, etc. 

Refrigerator Plant, 

Feather Factory, 
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Crematory, ' ' 

Libby, McNeill & Libby. 

CATCH BASINS. The main catch basin is at one side of 40th 
street, about a block east of Ashland avenue. A timber gate, in a 
manhole on the main, diverts the greater part of the flow through 
the catch basin, the overflow passing over the gate. The catch basin 
is brick, built entirely below the ground level. The inside dimen- 
sions are 25 ft. long by 10 ft. wide, with brick baffle dividing the 
basin longitudinally, making the total length of flow 50 ft. This is 
tight, except at the end opposite the inlet, where it acts as an under- 
flow baffle. 

Besides the central baffle there are six brick underflow baffles, 
each 10 in. thick, rising 30 in. above the bottom. On the effluent side 
there are^ three wire screens of 1-in. mesh, 6 ft. apart, which clog 
very rapidly, being cleaned one at a time by being pulled out of wa- 
ter and shaken. The collected matter drops back into the basin. At 
the effluent end, below the last screen, is an overflow baffle 5 ft. high, 
made of loose planks in guides, so that the level may be lowered if 
necessary. During the test, the depth of water varied from 5 ft. to 
6 ft., depending on the flow and the amount of head lost through the 
screens. 

A crew of three men is kept busy cleaning out the screens and 
removing the settled material, which is almost entirely paunch 
manure. 

Besides the main basin, there are five others on the line for re- 
taining grease and manure. Four of these are at the North Beef 
House, and the fifth is at the stables. 

"WEIR. Only one weir was built on this line, a 21-in. wooden 
weir, without end contractions, placed in a 42-in. diameter manhole 
on 40th street, below the catch basin. 

READINGS AND SAMPLES. Readings and samples were 
started here at noon, June 6, and continued to 4 p. m., June 10. Up 
to noon, June 9, composite samples were collected, extending over 2- 
hour periods during the day, and 4-hour periods duriag the night, 
individual portions being taken every 20 minutes. Beginning at 
noon, June 9, individual por-tions were collected once an hour, the 
composites extending from noon to 8 p. m. June 9 ; 8 p. m. to 8 a. m., 
June 10 ; and 8 a. m. to noon, June 10. 

ANALYSES. Only the total suspended matter was determined 
for each individual sample. The oxygen consumed was tested on a 
few. For complete analysis, composites were made of 12-hour per- 
iods, weighted by the flow. The analyses of composites and the av- 
erage flows are given in table 175. 
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SETTLING EXPERIMENTS. In settling experiments on the 
effluent of the 40th street sewer 75 per cent, of the total suspended 
solids settled out in 1 hour under qtiiescent conditions. 

"B." 42D STREET TO ASHLAND AVENUE. 

DESCRIPTION. Although this 36-in. brick sewer is the largest 
in the plant, its capacity is greatly overtaxed, as it flows full or 
under pressure at all times when killing is going on. In a mod- 
erately hard rain all the lower cellars are flooded. At other times 
it becomes choked. It drains the following places: 

East beef house, including cattle pens, killing floors, coolers, 
tank rooms and wool house. 

Mooris' beef house catch basin and two toilet sewers. 

Lard, tallow and grease refineries. 

Soap factory. 

Central power station. 

Skin house. 

Butterine factory. 

Commercial fertilizer plant. 

Darling glue plant. 

Bone and glue house. 

Wool house. 

CATCH BASINS. At present, the main catch basin is at the 
hide house on 42d street, a couple of blocks east of Ashland avenue. 
This is built of concrete, 90 ft. long by 10 ft. 8 in. wide with a water 
depth nominally ranging from 4 ft. 6 in. to 5 ft. The inlet and outlet 
at opposite ends are both about a foot under the normal flow line. 
There are 4 concrete and 3 timber underflow baffles, spaced irregu- 
larly. The openings under the concrete baffles are 18 in. deep, and 
under the timber baffles, 24 in. The only overflow baffle is about 
4 ft. back from the outlet, and is 4 ft. high. As this baffle is usually 
submerged 6 in. to a foot a great deal of solid matter is washed 
over. 

There are six removable wire screens of 1-in. mesh, arranged 
in pairs, each screen being 4 ft. wide. In cleaning, they are lifted 
with block and tackle, one at a time, the clogging material being 
shaken back into the catch basin, and scraped off with wire brushes 
or brooms. Consequently, at each cleaning a very large part of the 
material caught on the screens is washed down the sewer. 

Two men and sometimes three are required to keep the sewers 
clean and dredge out the sludge. As it is impossible to drain the 
basin, all the sludge is bailed out with long-handled shovels and dip- 
pers. Practically no grease is collected from this basin, but most 
of the sludge is utilized for fertilizer filler. A very noticeable odor 
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of hydrogen-sulphide occurs on Monday morning, when the flow has 
been small over Sunday. 

Below the main catch basin, in front of the Darling Glue plant, 
a large basin receives the flow from this line except that from the 
wool house. This basin is covered over, being, 10 ft. wide and 4 ft. 
deep. The flow from the Darling plant empties into the outlet. The 
basin is in bad repair, receiving no attention. Opposite the Morris 
Beef House is a small brick catch basin 26 ft. long by 5 ft. 6 in. 
wide, provided with four underflow baffles, but no screens. There 
are smaller catch basins at the killing house, soap factory and grease 
and lard refineries. A special crew of three or four men keeps these 
-smaller basins cleaned out. The large concrete basin taking the 
flow from the Morris beef plant is described in the Morris report. 

"WEIRS. As the sewer below the main catch basin flows under 
pressure, it was impossible to build a weir in a manhole near 
enough to the outlet into the Ashland avenue main to measure the 
entire flow. A weir was built, however, in the basin at the hide 
house, and another in the wool house sewer. Neither received the 
flow from the glue and bone house, the fertilizer plant in the wool 
house, nor Darling's. Later a -vy^eir was built in the Darling catch 
basin, and the flow obtained. 

The weir in the main catch basin, marked "B," was made in two 
parts of 2-iii. lumber, with a beveled crest of yg-in- stock. The last 
pair of screens were removed and replaced by weirs 4 ft. long, mak- 
ing the equivalent of an 8-ft. weir with two end contractions. Read- 
ings were taken 4 ft. above the weir with a hook gage. A 15-in. 
weir without end contractions was constructed in a manhole on the 
wool house line, but as the wool house was shut down during the 
test, readings were not taken until the following week. 

In order to deduct the sewage of the Morris beef plant from the 
total flow of the 42d street sewer, readings and samples were taken 
once an hour at the weir in the Morris catch basin, designated as 
"G," and described in the Morris report. 

Samples marked "H" were taken from the old catch basin in 
front of the Darling plant. 

READINGS AND SAMPLES. Readings and samples were 
taken at weir "B" on the 40th street sewer from noon, June 6, to 
noon, June 10. Beginning at noon June 9, samples were taken at the 
outlet designated as "H," every 20 minutes, with corresponding 
readings at "B" (tables 176 and 179). 

SETTLING EXPERIMENTS. In settling experiments with 
fresh samples from the 42d street sewer under quiescent conditions, 
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about 70 per cent, of the total suspended matter settled out in 1 
hour. 

"C." PACKERS AVENUE TO THE RIVER. 

This is an old 12-in. box sewer, taking the flow from the hair 
factory, overflow from the reservoir and Lib by 's pickle house. A 
weir without end contractions, with crest 12%-in. long, was built 
in a manhole near the switch tracks at the north end of Packers 
avenue. The height of the weir above the sewer invert was 10 in. 

Samples and readings were taken once an hour from 8 a. m. to 
4 p. m., no samples being collected at night (table 177). 

"D." 41ST ST. TO CENTER AVENUE. 

This is a 24-in. tile sewer on the south side of 41st street, re- 
ceiving the drainage from part of the hog house (mostly condensing 
and scald water, wash and pickle water), refrigerator plant, engine 
room, warehouses, general office and some of the Libby toilets. Read- 
ings were taken over a 24-in. weir with two end contractions, built 
in the last manhole before the line joins the Morris hog house sewer. 
Samples and readings were taken once an hour from 8 a. m. to 
4 p. m. (table 178). 

"E." 42D ST. TO CENTER AVENUE. 

DESCRIPTION. This 24-in. tile sewer receives nearly the en- 
tire flow from the hog house, including the killing and cutting floors, 
and the boiler and ice-machine rooms. The flow from the hog house, 
itself, passes through a concrete catch basin, while that from the 
boiler and ice-machine rooms is by-passed in a 10 by l^-in. box 
sewer, joining the main line in a manhole below the catch basin, 

CATCH BASIN. The hog house catch basin is built of concrete, 
90 ft. long by 7 ft. wide, with a flow depth of about 3 ft. 9 in. There 
are 5 concrete underflow baffles, 15 ft. apart, each having a flow space 
12 in. deep. Alternating with these are concrete overflow baffles, 
rising to 6 in. below the normal water surface. At the effluent end 
are 3 sets of l^^-in. mesh wire screens, sliding in guides, but pad- 
locked. 

One man skims off the grease, and removes the sludge with a 
shovel. The sludge is almost entirely paunch manure, and small 
trimmings, fairly fresh in appearance. 

WEIR AND SAMPLES. A 24-in. weir with two end contrac- 
tions was built in the manhole at the junction of the two sewers. 
Samples were taken once an hour from 8 a. m. to 4 p. m. daily. No 
samples were taken at night (table 179). 

SETTLING EXPERIMENTS. In settling experiments made on 
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the effluent of the 42d street to Center avenue sewer about 30 per 
cent, of the total suspended solids settled in 1 hour under quiescent 
conditions. 

WOOL HOUSE. Eeadings and samples were taken at the weir- 
in the sewer from the wool house on June 13, 14 and 15. Samples 
were collected at 10-minute intervals from 8 a. m. to 4 p. m. only. 
The composite samples extended over periods of 2 hours. For analy- 
sis, laboratory composites for each day were made up, proportioned 
to the flow (table 179). 
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APPENDIX XXIV. 



Report of Tests at Plant of 

WESTEEN PACKING COMPANY. 

June 2B to 28, 1911. 

PLANT. The Western Packing Company, located at 38th place 
and Morgan street, conducts a general slaughtering and packing 
business. Fresh and pickled meats are prepared, as well as tripe, 
oleo stock, lard, inedible grease and fertilizer. No smoked meat, 
butterine or sausage are manufactured. The hides are cured before 
selling, but hog hair and casings are sold green. 

CAPACITY. The nominal daily capacity of the plant was given 
as: 

Cattle 150 

Calves .- 25 

Sheep 150 

Hogs 1,200 

On the second day of the test, the kill was said to be about up 
to capacity, but on the first and third the kill was light. 

PENS. The pens are small, storing only a part of the daily kUl. 
The manure is swept up, loaded into cd-rs, and shipped out for fer- 
tilizer. However, the pens drain directly to the river, so a consid- 
erable quantity of manure is probably flushed out by rains. 

PAUNCH MANURE. The greater part of the paunch manure is 
said to be used for fertilizer. Some is at times shipped out with the 
pen manure. The paunch manure press is operated intermittently, 
whenever enough manure has accumulated in the separator tank, 
usually a couple of hours a day. When the kill is light it may not 
be used at all. The paunch manure overflow is not settled, so that a 
large amount of manure escapes into the river. 

BLOOD, RENDERING, ETC. The blood is collected and coagu- 
lated, but not flltered. The cooked blood is used entirely as fertilizer 
stock. Scraps, offal, etc., are rendered for grease, the solid tankage 
being pressed and the tank liquor evaporated for stick. 

SEWERS. There are four drains from the plant. Two of these, 
the scald water and the paunch manure overflow drains both 8-in. 
tile pipe, empty directly into the river. The scald water outlet runs 
more or less continuously during the killing. The paunch manure 
overflow runs only when the manure press is operated. The drain- 
age from the killing and cutting floors, and the tank room, including 
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floor water, blood, grease, etc., goes into the main catcli basin. A 20- 
in. bo-x sewer takes the flow from the oleo, tripe room and pickled 
meat cellars, and some of the wash water. This empties into the 
second catch basin. The overflow from the reservoir and the ice ma- 
chine runs directly to the river and was not sampled. 

CATCH BASINS. There are nominally three timber catch 
basins, of which two are of no account. The first in line is of timber, 
built in two parallel sections, each 3 ft. wide. The total length of 
flow is 150 ft., with a normal depth of flow averaging about 4 ft. 
3 in. The inlet is below the surface at the east end of the first tank. 
Between the two tanks, at the west end, is a 12-in. tile pipe at the sur- 
face. The 12-in effluent pipe at the surface of the east end of the 
second tank drains into the second catch basin. There are 18 sets 
of overflow and underflow baffles. The overflow baffles are down- 
stream, 4 ft. 2 in. high, with a space below the scum boards of 
24 in. 

The second catch basin has one side formed by the timber dock 
along the river. This basin is 72 ft. long by 11 ft. wide, the effluent 
flowing from the west end through the dock. This basin apparently 
is never cleaned, the sludge filling it nearly to the surface of the 
water. There are no screens in either basin. 

The first basin was also badly in need of cleaning, containing 
12 to 18 in. of sludge on the bottom. This sludge has always been 
black and septic on inspection. 

WEIRS AND SAMPLES. A weir 3 ft. long with end contrac- 
tions, was built on the last overflow baffle of the first catch basin. 
Another weir, 1.8 ft. long, was put in the mouth of the box sewer 
entering the second catch basin. None of the smaller outlets were 
weired (table 181). 

Eegular samples were taken at 20-minute intervals at the outlet 
of the first catch basin, the outlet of the box sewer, and of the final 
combined effluent on entering the river. The' paunch manure and 
scald water outlets were not sampled regularly owing to the diffi- 
culty of access., Occasional samples were taken during the day. 

TABLE 180. 

NOMINAL ELEMENTS OF MAIN CATCH BASIN. WESTERN PACKING CO. 

Capacity 3190 Cu. Ft. 



Flow, Period in Basin, Av. Velocity, Max. Velocity, 

c- f • P- s. Min. Ft. per Min. Ft. per Min. 



0.10 531 0.28 6 

.25 212.5 0.71 , l'5 

.50 106 1.4 30 
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APPENDIX XXV, 



Methods of Analysis and Sampling. 

GENERAL. In general, the "Standard Methods of Analysis" 
(second edition) recommended by the American Public Health Asso- 
ciation, were followed, except as indicated herein. 

ORGANIC NITROGEN. The sample was digested with concen- 
trated sulphuric acid, diluted with water, neutralized with sodium 
hydrate, and made up to a definite volume. After standing over 
night, an aliquot portion was Nesslerized. The free ammonia, de- 
termined separately, was subtracted to give the organic nitrogen. 
The nitrogen in sludge was determined in substantially the same 
manner. 

FREE AMMONIA. Free ammonia was determined by dis- 
tillation and subsequent Nesslerization. 

NITRATES. Nitrates were determined by the aluminum reduc- 
tion method. 

OXYGEN CONSUMED. The oxygen consumed was deter- 
mined by digesting the acidified sample with standard potassium 
permanganate solution in the steam bath for 30 mioutes, and retitra- 
tion with standard oxalic acid. 

SUSPENDED MATTER. Suspended matter was determined 
by the Gooch crucible method. A known volume of the liquid was 
filtered through a thin mat of finely divided asbestos fibre, depos- 
ited in the bottom of a perforated porcelain crucible. The increase 
in weight after drying was noted. ' 

FATS. The fat content of sewage and effluents was deter- 
mined by evaporating the acidified sample to dryness, and extract- 
ing the fat with ether. In determining the fat in sludges, acidifica- 
tion was omitted in most cases, the ether extraction being made 
directly on the dried residue. In special cases noted, the sludge 
was acidified. 

BIOLOGIC OXYGEN CONSUMPTION. (BIO-CHEMICAL 
OXYGEN DEMAND.) The saltpetef method used was developed 
by Dr. Arthur Lederer, and' is described in detail in the Journal 
of Infectious Diseases, May, 1914. The method, in brief, consists 
in the addition of definite amounts of saltpeter (sodium nitrate c. p.) 
to the sample, incubation with the addition of metheylene blue as 
an indicator for 10 days at 20 deg. C, and the determination of 
the residual nitrite-nitrate. From an extended series of tests, it has 
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been found that 2 molecules of the nitrate yield approximately 5 
atoms of available oxygen. Knowing the difference between the 
amount of nitrate added to the sample and that remaining after 
incubation, the oxygen demand can be readily calculated. "Where 
necessary (as in sprinkling filter effluents), the total available oxygen 
in the original sample is also determined and a correction made in 
the calculation. 

SPECIFIC GRAVITY. The specific gravity of sludges was 
determined by filling a flask of known capacity and weighing. 
"Where necessary to fill voids in the mass, water was added in known 
amount, and correction made in computing the results. 

PER CENT. MOISTURE. The moisture content of sludges 
and screenings was obtained by noting the loss of weight after dry- 
ing over the steam bath. 

METHOD OF SAMPLING. In all routinei sampling, com- 
posites were made of 125 c. c. portions taken every hour. For spe- 
cial tests the procedure was changed to meet conditions. Owing to 
the wide variation in strength of the day and night sewage, two 
separate samples covering the heavy day and the weak night sewage 
were analyzed. The following table indicates the sampling schedule 
followed for the crude sewage : 

SAMPLING SCHEDULE— CRUDE SEWAGE. 



Date 


Day Sewage 


NiOHT Sewage 




From 


To 


First 
Sample 


Last 
Sample 


First Last 
Sample Sample 


Remarks 


Oct. 1, 1912 Jan. 1, 1913 
Jan, 1, 1913 Feb. 1, 1913 
Feb. 1, 1913 Jan. 1, 1914 
Jan. 1. 1914 Date 


8 a. m. 7 p. m. 8 p. m. 7, a. m. 

7 a.m. 10 p.m. 11p.m. 6 a.m. 

8 a. m. 10 p. m. 11 p. m. 7 a. m. 
No samples — grit chamber effluent only. 


Daily 
DaUy 
Bi-Daily 



Weighted averages to cover the 24 hr. were also made. 

Up to January 1, 1913, one composite covering the entire 24 hr. 
was taken for the grit chamber and tank effluents. Thereafter, 
"day" and "night" samples were taken for all devices, allowance 
being made in the tank samples for the nominal detention period in 
each case. After January 1, 1914, no samples of crude sewage were 
taken, as the grit chamber effluent was practically identical in com- 
position. Daily samples of the various effluents were taken up to 
February 1, 1913, and after that bi-daily composites were made. 
Sunday samples were, however, kept separate and were omitted after 
January 1, 1914. 
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The method of taking samples for the biologic oxygen consump- 
tion tests is outlined in Chap. XV. 

Samples of sludge and scum for analyses were taken from the 
tanks, either when cleaned, or at stated intervals when cleaning 
was infrequent. Sludge samples were collected by lowering into the 
sludge mass a bottle attached to a stick and plugged by a stopper.. 
The stopper was then withdrawn by a cord, allowing the sludge to 
flow in without catching any of the supernatent liquor. A number 
of samples at various depths were always taken to insure repre- 
sentative composites. 

METHOD OP SLUDGE AND SCUM MEASUREMENT. Sludge 
was measured in situ in the tanks by the method devised by Mr. 
H. B. Hommon at Gloversville, N.-Y. A wide-mouthed bottle, with 
stopper in place, was attached to a calibrated rod and lowered 
into the tank to a definite depth. The stopper was withdrawn 
allowing the bottle to fill. The bottle was then lifted and examined. 
This operation was repeated until the sludge line was closely 
located. This method was not wholly satisfactory, as it partly ig- 
nores the consistency of the sludge other than is visual. In cleaning 
the Dortmund tanks where the sludge was not entirely drawn out, 
the amount removed as calculated from the difference between meas- 
urements before and after cleaning was much smaller than would be 
supposed, due to the stirring and thinning of the sludge in the 
process of withdrawal. The residual sludge doubtless compacted 
again slowly after cleaning was completed, but the net result indi- 
cated a smaller accumulation of sludge than was actually secured. 
This tendency was more marked for tanks frequently cleaned and 
probably accounts largely for~the lower average sludge accumula- 
tion noted for tank C, the true rate probably being somewhat 
higher. In the spring of 1914, samples of sludge were taken from 
the tanks both before and after cleaning, so that variations in 
moisture content could be traced and correction made. 

Scums were ordinarily measured by running onto a sludge 
bed and noting the depth, or if small in amount, a calibrated can 
or barrel was used. 
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Slotted plates, mechanical properties of • 159 
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Screens, Loss of head experiments, suspended matter, reduction 

of , 152-154, 160-162 

Time of clogging 150, 151, 153, 159, 160 

Eotary, biologic oxygen consumption, reduction of . . . .197, 198 

Cleaning 135, 141, 143 

Description of 36, 37, 134, 135 

Operation of 135 

Kate 135, 137 

■ Screenings, accumulation of 139-142 

Analyses of 138 

Character of 138 

Odor 138 

Scum, prevention on settling tants by 66, 167 

Suspended matter, removal of 64, 65, 136-138 

Weand at Sulzberger's, cleaning of .144, 147, 148 

Description of 144 

Operation of 145, 146 

Rate 145, 146 

Screenings, accumulation of 146, 147 

Analyses of 147 

Sewage treated, analyses of ■ 144 

Suspended matter, removal of 145, 147 

Screenings, see Screens. 

Scum, chemical precipitation, formation of 104, 106 

Comparative formation in various tanks 167 

Disposal, see Sludge. 

Dortmund tanks, accumulation of 66-72 

Analyses of 72-74 

Emscher tank, accumulation of 83-86 

Analyses of 88-90 

Grit chamber, accumulation on 56, 57 

Analyses of 57 

Prevention of by fine screening 66, 167 

Secondary settling basin, accumulation of 183, 185 

Appearance of '. 183 

Secondary Settling Basin, description of 38, 39 

Dissolved oxygen in effluent 181, 182, 184 
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Secondary Settling Basin, flow period 181 

Putrescibility of effluent , 181, 184 

Relative stability, effluent 181, 183 

Scum, accumulation of 183, 185 

Appearance of 183 

Sludge, accumulation of 183, 185 

Analyses of 186 

Appearance of ; 183 

Suspended matter, removal of 181, 182 

Velocity 181 

Sedimentation, see Quiescent Settling, also Chemical Precipita- 
tion, and Dortmund and Emscher Tanks. 

Settling Tanks, see Dortmund, Emscher, and Chemical Precipi- 
tation Tanks. 

Sewage, Analyses of, see also Appendices and Analyses. 

Ashland Ave 52 

Center Ave 40-44 

Individual houses 22, 24 

Morgan St 27, 144 

Sewers to East and West arms 200, 203 

39th St 41, 42 

Various American cities 41, 45 

Center Ave., alkalinity 48 

Biologic oxygen consumption 195-197 

Chlorine 47, 48 

Fat content 48, 49 

Free ammonia 47 

Gagings 204-207 

Method of sampling 40 

Nitrates .■ 47 

Nitrites 47 

Organic nitrogen 47 

Oxygen consumed 47 

Physical characteristics 40 

Sundays 46 

' Supply to testing station 32 

Temperature 49-51 
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Sewage, Center Ave., total solids 48 

Variations in strength, daily 46 

Hourly 45 

Seasonal 46, 47 

Volatile and fixed matter 49 

39tli St., analyses 41, 42 

Biologic oxygen consumption 195, 197 

Fat content 48 

Temperature of 49-51 

Total solids 48 

Sewers, analyses from outlets to Bast and "West Arms . . 200, 203, 204 

Condition of, Stockyards and Packingtown 207, 208 

W. 39tli St. and Western Ave. conduit 208, 209 

Discharge, estimated, to East and "West Arms 201, 202 

Existing, to Bubbly Creek, municipal 200, 201 

Private 200, 202 

Gagings, Ashland Ave 206, 208 

Center Ave 204-207 

Individual houses 22, 206, 208, 210 

Eobey St 206, 209, 210 

W. 39th St. and Western Ave. conduit 209 

W. 39th St. and Western Ave. conduit, condition 208 

Description 208 

Velocities 209 

Projects, see Projects. 

Siegel-Hechinger Co., test 292, 293 

Sludge, see also Analyses. 

Acid treatment, analyses 193 

Air drying, see Drying. 

Calorific value 129-132 

Chemical precipitation, accumulation 102, 104, 105 

Analyses 106, 107 

Comparative accumulation, various tanks 165, 166 

Comparative qualities, various tanks 166, 167 

Dortmund tanks, accumulation 67-72 

Analyses 72-74 

Appearance of 72 
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Sludge, Drying, amount applied to beds 110-115 

Character of sludge applied 110, 111 

Climatic influences 118 

Depth on beds 111-116 

Description of beds 37, 110 

Flies 120 

Grit chamber, sludge 123 

History of beds 118, 119 

Mineralization 120-123 

Moisture, reduction, on beds 111-115, 117 

After removal 111-115, 117 

Odor 118 

Secondary settling basin, sludge 123 

Time required 111-117 

Underdrainage , 119, 120 

Volume, reduction 112-116 

Emscher tank, accumulation of 84-87 

Analyses of 87-90 

Appearance 90 

Digestion 90^ 

Fat content ' 190 

Fertilizing value 128, 129 

General methods of treatment 110 

Grit chamber, accumulation 53, 54 

Analyses 53, 54 

Minerialization 120-123 

Morgan St. sedimentation tests 29, 30 

Pressing, apparatus 123, 124 

Filtrate, analyses 127 

Method of test 124 

Results 125-127 

Sludge cake, analyses of 128 

Secondary settling basin, accumulation 183, 185 

Analyses • ■ •, 1°^ 

Treatment, see Sludge, Drying, also Pressing. 
Sprinkling filter, appearance of effluent ^ • ■ • 180 
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Sprinkling filter, biologic oxygen consumption, reduction of. .198, 199 

Depth, effect of 181 

Description of 37, 38, 174 

Dissolved oxygen in effluent 179 

Dosing device, description 38 

Effluent analyses 174, 175 

Fat removal 189, 190 

Flies 180 

Growth in pipes 181 

Ice formation 180 

Nitrification '. 177 

Nozzle clogging 180 

Odor 180 

Operation 174 

Putrescibility of. effluent 177, 178 

Rate, gross 174 

Yield 174 

Relative stability, effluent 177-179 

Secondary settling, see Secondary settling basin. 

Stone '. 37, 181 

Surface clogging -. 181 

Suspended matter, reduction 174, 176, 177 

Temperature 180 

Unloading 177, 180 

Worms 180 

Standard Slaughtering Co., test 294, 295 

Stockyards (Union Stockyards and Transit Co.), catch basins. 25, 26 

Description 25, 27 

Experimental settling tank, Morgan St., description 27 

Results 27-29 

Sludge 29, 30 

General recommendations 29 

Laboratory tests on settling 29 

Pens 25 

Screening, see Screens, Jennings. 

Sewage 27, 144 



345 

Page 
Stockyards and Packingtown, see also Stockyards, and Pack- 
ing Industiy. 

Early investigations 34 

Firms 3 

History of j[ 2 

Industries included 7 8 

Magnitude of industry 8 9 

Packers' committee 7 

Preliminary tests 10-13 

Present investigations, needed 5, 7 

Purpose 5 

Seasonal distribution of business 10 

Sulzberger & Sons Co., test 296-302 

Summary IV-XXII 

Suspended Matter, acid treatment, removal by 192 

Comparative removal by settling devices 163, 164 

Comparative retention in devices 163, 164 

Chemical precipitation, reduction 100, 101 

Dortmund tanks, reduction 61-65 

Emscher tank, reduction 78-82 

Grit chamber, reduction 54-56 

Quiescent settling, reduction 169-173 

Screens, reduction by, coarse 134 

Jennings 145, 147 

Loss of head tests 152-154, 160-162 

Rotary .64, 65, 136-138 

Weand, Sulzberger's 145, 147 

Sprinkling filter, reduction 174, 176, 177 

Secondary settling basin, reduction 181, 182 

Sewage, Center Ave., fixed 49 

Volatile -. 49 

Swift & Co., test 303-314 

Tanks, see Dortmund, Emscher and Chemical Precipitation. 

Temperature, air 49-51 

Center Ave. sewage 49-51, 168 

Effect on scum f oAnation 57, 187 

Lake Michigan 51 

Sprinkling filter 168, 169, 180 
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Temperature, tank effluents 168, 169 

39th St. sewage 49-51 

Testing Station, Center Ave., Apparatus, chemical precipitation 39 

Controlling apparatus 33 

Dortmund tanks 33-35 

Emscher tank 35, 87 

Grit chamber 33 

Pumping equipment 32, 33 

Screen, coarse 32 

Screen house • 37 

Screen, rotary . . . . ' 37 

Secondary settling basin 38, 39 

Sludge beds 37 

Sprinkling filter 37, 38 

Contributors 7 

Location 7, 32 

Supply of sewage 32 

Total solids. Center Ave. sewage 48 

39th St. sewage 48 

Union Stockyards and Transit Co., see Stockyards. 

39th St. and Western Ave., conduit, deposits in, amount 208 

Character of deposits .' 209 

Description 208 

Location 208 

Velocities 209 

Western Packing Co., test 315-317 

Worms, sprinkling filter 180 

Worthen, W. E 3 



